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ߦᮡ⋡ࠍߣߎࠆߔቯ․ࠍ࿃ⷐߔ߷෸ࠍ㗀ᓇߦႺⅣၞ᳓ޔߢߣߎࠆߔߦ߆ࠄ᣿ߦ⚦⹦ࠍ
ޕࠆ޿ߡߒቯ⸳ࠍࡑ࡯࠹ࡉࠨߩߟ ߩᰴޔߦ߼ߚߩᚑ㆐ᮡ⋡ߩߎޕࠆ޿ߡߒᣉታࠍⓥ⎇
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Ԙ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣߦࠃࠆᐢၞ᳓ၞⅣႺߩቯ㊂ൻᴺߩ⏕┙ޔԙ᳓ၞⅣႺ࠺࡯࠲ߩᤨ
ⓨ㑆ಽᏓߩࡕ࠺࡝ࡦࠣᴺߩ⏕┙ޔԚ࿾⏛᳇㧙࿾㔚ᵹᴺߦࠃࠆᵻㇱ߆ࠄᷓㇱߦ⥋ࠆ᳓ℂ
᭴ㅧߩ⸃ᨆᴺߩ⏕┙ޕߟߩࠨࡉ࠹࡯ࡑߣ߽ߦᐔᚑ  ᐕᐲߩ໧㗴ὐߦኻಣߒᣂߚߥ
ᚻᴺࠍឭ᩺ߔࠆߣߣ߽ߦޔᅷᒰߥ⸃ᨆ⚿ᨐ߿᷹ቯ࠺࡯࠲ࠍჇ߿ߔߎߣ߇ߢ߈ߚޕ㜞ጀ
᳇᷷࡮Ḩᐲࠍ⠨ᘦߒߚ᡼኿ᾲવ㆐ℂ⺰߆ࠄޔᶏ㕙᷷ᐲផቯߦ㑐ߔࠆ⠨ኤ߽ᷓ߼ࠄࠇߚޕ
ߎࠇࠄߩⷰὐ߆ࠄߪޔ೨ㅀߩᐔᚑ  ᐕᐲߩ⋡⊛࡮⋡ᮡߦ㑐ߒߡ߶߷㆐ᚑߢ߈ߚߣ⠨
߃ߡ޿ࠆޕ
䋨D䋩 ᓸ㊂ⅣႺᳪᨴ‛⾰ߩቯ㊂
࡮ๆ⌕㆙ᐲ߇ㄦㅦߥࠠ࡟࡯࠻ᕈ❫⛽ࠍ↪޿ࠆૐỚᐲߩ᦭ኂࠗࠝࡦߢᳪᨴߐࠇߚ᳓ߩ㜞ㅦ
ᵺൻᛛⴚࠍ㐿⊒ߔࠆߎߣࠍ⋡⊛ߣߒߡޔ⎇ⓥࠍታᣉߒߡ޿ࠆޕ࡝ࡦ㉄߿ࡅ㉄ߩ㒶ࠗࠝ
ࡦ⒳ߦ㜞ㆬᛯᕈࠍ␜ߔๆ⌕೷ߪޔߎࠇ߹ߢ⎬޿ Lewis㉄ߦዻߔࠆ㊄ዻࠗࠝࡦ䋨Fe䋨III䋩ޔ
Zr䋨IV䋩ߥߤ䋩ࠍᜂᜬߒߚࠗࠝࡦ੤឵᮸⢽߿ࠠ࡟࡯࠻᮸⢽ࠍ↪޿ࠆ㈩૏ሶ੤឵ᯏ᭴ߢߩ
ߺታ⃻ߐࠇߡ߈ߚޕᧄ⎇ⓥߢ㐿⊒ߒߚᣂⷙߩᒙႮၮᕈ㒶ࠗࠝࡦ੤឵❫⛽ߪޔ࡝ࡦ㉄ߥ
ࠄ߮ߦࡅ㉄ߩๆ⌕ߦ߅޿ߡႮൻ‛ࠗࠝࡦޔ⎫㉄ࠗࠝࡦߩᅹኂߩዋߥ޿ߪߓ߼ߩ⚐᦭ᯏ
♽ࠗࠝࡦ੤឵૕ߢ޽ࠆޕ߹ߚޔๆ⌕ㅦᐲ߽ᓥ᧪ߩ☸⁁᮸⢽ࠃࠅᩰᲑߦㄦㅦߢޔๆ⌕ᠲ
૞ߦⷐߔࠆᤨ㑆ࠍᓥ᧪ߩ᮸⢽లႯࠞ࡜ࡓߩ 1/100߹ߢ⍴❗ߢ߈ࠆᣂߒ޿⍮⷗ࠍᓧߡ޿
ࠆޕ
࡮᳓ߩਛߩ᦭ኂ㊄ዻర⚛߅ࠃ߮᦭ኂήᯏ㒶ࠗࠝࡦߩቯ㊂ߣ࿕ቯߥࠄ߮ߦ㒰෰ޔᑄ᫈‛߆
ࠄߩ᦭ኂ㊄ዻర⚛ߩ᳓߳ߩṁ಴㒐ᱛޔᑄ᫈‛ߦ฽߹ࠇࠆ㊄ዻర⚛ߩಽ㔌࡮࿁෼ࠍ⋡⊛
ߣߒߡ⎇ⓥࠍㅴ߼ߡ޿ࠆޕ⃻࿷ߘߩಣℂ߇໧㗴ߣߥߞߡ޿ࠆ὾ළ㘧Ἧߥࠄ߮ߦṁⲢ㘧
Ἧࠍ㉄ᶐ಴ߒߡήኂൻߒޔหᤨߦ㊄ዻర⚛ࠍ࿁෼ߔࠆ╙㧝Ბ㓏ߣߒߡߩᶐ಴ಣℂߦߟ
޿ߡߩᣂߒ޿⍮⷗߇ᓧࠄࠇߡ޿ࠆޕ
4
ᐔᚑ㧝㧤ᐕᐲඳ჻ᓟᦼ⺖⒟ቇ↢ᢙ
ㅴቇ↢ ⇐ቇ↢ ␠ળੱ H19౉ቇ⠪ᢙ
቟ㇱ⋿৻
Ἇየ ㅴ
ㅺ⷗ᵏਭ
ฎᎹᙗᴦ
ᧁ↰ஜᰴ
Ꮉ⿧଻ᓼ
᎑↰ ⚐
ṚᎹ ᷡ
ዊᳰస᣿
ၔ ᤘౖ
ᴡේᱜᵏ
㧝
㧜
㧞
㧜
㧝
㧞
㧝
㧜
㧜
㧜
㧜
㧠
㧝
㧜
㧢
㧜
㧜
㧝
㧜
㧠
㧝
㧜
㧡
㧜
㧝
㧝
㧝
㧜
㧜
㧞
㧞
㧞
㧝
㧟
㧜
㧜
㧝
㧞
㧜
㧞
㧞
㧞
㧜
㧜
⸘ 㧣 㧝㧣 㧝㧡 㧝㧞
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ᐔᚑ㧝㧤ᐕᐲߩ⎇ⓥ⚻⾌૶↪ታ❣ႎ๔
᜚ὐ㧮⎇ⓥ⚻⾌㧔㧡㧜㧜ਁ౞㧕
⎇ⓥ⚻⾌ౝ⸶ ㊄㗵㧔ජ౞䋩 Ⓧ ▚ ౝ ⸶
⸳஻஻ຠ⾌   
ੱ ઙ ⾌  ⑳⾌⇐ቇ↢⵬ഥ
  㧔ඳ჻㧬㧖㧘ୃ჻㧬㧖㧕

౒ห⎇ⓥ  ࠣ࡞࡯ࡊ㑆౒ห⎇ⓥ⾌ᡰេ⾌ 






ᣏ  ⾌







⎇ⓥ⺖㗴㧦䇸࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣࠍ↪޿ߚ㙃ᱺࡁ
࡝ߩࡕ࠾࠲࡝ࡦࠣᛛⴚߩ㐿⊒䇹㧘䇸㔚᳇តᩏߦࠃ
ࠆ᦭᣿ᶏ࡮౎ઍᶏߩᶏᐩ⴫ጀ࿾⾰ಽᏓߣ࿾ਅ᳓
ḝ಴⃻⽎ߩࠗࡔ࡯ࠫࡦࠣ䇹㧘䇸ႮᕈḨ࿾ߩౣ↢ࠍ
⋡⊛ߣߒߚႮᕈᬀ‛ߩ❥ᱺ↢ᘒߣ୘૕⟲㑆ߩㆮ
વ⊛㘃✼㑐ଥߩ⸃ᨆޠઁ

੐ᬺផㅴ⾌   
ߘ ߩ ઁ  㒮↢ߩ࿖㓙ળ⼏⊒⴫⵬ഥ㧔"㧖㧕
ႎ๔ᦠශ೚ઍ㧔ᐔᚑ  ᐕᐲಽ㧕


ว  ⸘  
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ߎߩ᜚ὐ⎇ⓥߦ㑐ㅪߒߚᄖㇱ⾗㊄ߩ₪ᓧ⁁ᴫ
㧔⑼ቇ⎇ⓥ⾌⵬ഥ㊄ޔઁ⋭ᐡ࡮⎇ⓥഥᚑᴺੱ࡮᳃㑆ડᬺ߆ࠄߩ⎇ⓥ⾌╬㧕
቟ㇱ⋿৻
࡮⑼⎇⾌ၮ⋚⎇ⓥ䋨$䋩 ᐕ ਁ౞䋨ᐔᚑ  ᐕᐲಽ䋩
 ޟ♖ሶಽൻߦ߅ߌࠆᣂⷙࡄ࡜ࠢ࡝ࡦ࿃ሶ࠾ࡘ࡯࡟ࠡࡘ࡝ࡦߩᯏ⢻ޠ
࡮⑼⎇⾌⪚⧘⎇ⓥ, 2005-2006ᐕᐲ 130ਁ౞䋨ᐔᚑ18ᐕᐲಽ䋩
 ޟ૕⚦⢩ߦኻߔࠆᷫᢙಽⵚߩ⺃ዉޠ
ർ㊁ ஜ
࡮⑼⎇⾌․ቯ㗔ၞ⎇ⓥ䋨౏൐⎇ⓥ䋩 ᐕ ਁ౞䋨ᐔᚑ  ᐕᐲಽ䋩
 ޟ᷷ᐲଐሽᕈᕈ᳿ቯߩಽሶࡔࠞ࠾࠭ࡓޠ
࡮⑼⎇⾌⧯ᚻ⎇ⓥ$ᐕਁ౞䋨ᐔᚑᐕᐲಽ䋩
 ޟࡔ࠳ࠞߦ߅ߌࠆᕈォ឵ᄌ⇣૕ߩ⸃ᨆߦࠃࠆ㓽ൻᯏ᭴ޠ
࡮ฃ⸤⎇ⓥ䋨ࠕ࡯ࠢ࡝࠰࡯ࠬ䋨ᩣ䋩䋩ᐕਁ౞䋨ᐔᚑᐕᐲಽ䋩
 ޟ㝼㘃ᆎේ↢ᱺ⚦⢩ߩჇᱺ߅ࠃ߮ಽൻ⺃ዉߦ㑐ߔࠆ⎇ⓥޠ
Ṛየ ㅴ
࡮⑼⎇⾌․ቯ㗔ၞ⎇ⓥޟ⪲✛૕ߩჇᱺ೙ᓮᯏ᭴ߣㆮવሶ⊒⃻⺞▵ߦࠃࠆᬀ‛ߩ
㜞ᰴᯏ⢻⊒⃻ޠ㧔ᐔᚑ 㨪 ᐕᐲ㧘ಽᜂ㧕
ㅺ⷗ᵏਭ
࡮ᄢቇ╬㐿᡼ផㅴ੐ᬺ㧔㧶㨞㧚ࠨࠗࠛࡦࠬ੐ᬺ䋩, 2006ᐕ, 30ਁ౞, ৻⥸౏㐿ታ⠌
ޟᶏߩ޿߈߽ߩࠍ⍮ࠆޠ
࡮᡽╷ഃㅧ⎇ⓥ࠮ࡦ࠲࡯࡮ࡊࡠࠫࠚࠢ࠻⎇ⓥ, 2006ᐕ, 200ਁ౞, ᦭᣿ᶏ࡮౎ઍᶏ
ߩ↢‛᫮ᕷⅣႺߩ⹏ଔ࡮଻ో࡮ౣ↢
ᧁ↰ஜᰴ
䋨㧕ฃ⸤⎇ⓥ㧔0'&1䋩ޔᐕޔ౞ޔࡃࠗࠝࡑࠬࠛࡀ࡞ࠡ࡯㜞ല₸ォ
឵ᛛⴚ㐿⊒㧛ࡃࠗࠝࡑࠬࠛࡀ࡞ࠡ࡯వዉ⎇ⓥ㐿⊒㧛ㇺᏒဳࡃࠗࠝࡑࠬ⾗Ḯ
߆ࠄߩ㜞ല₸ੑᲑ⊒㉂ߦࠃࠆΆᢱ↪ࠛ࠲ࡁ࡯࡞⵾ㅧᛛⴚߩ㐿⊒
䋨㧕ฃ⸤⎇ⓥ㧔䋨ᩣ䋩ࠅࠀ߁ߖ߈䋩ޔᐕޔ౞ޔⅣႺ⋭ ᐔᚑᐕᐲ
࿾⃿᷷ᥦൻኻ╷ᛛⴚ㐿⊒੐ᬺ㧔ᴒ✽↥♧Ᵽ߆ࠄߩΆᢱ↪ࠛ࠲ࡁ࡯࡞↢↥ࡊ
ࡠ࠮ࠬ㐿⊒෸߮'╬ታ⸽ታ㛎㧛ᴒ✽↥♧Ᵽߩㆡ↪ᕈ╬ߦ㑐ߔࠆ⎇ⓥ㐿⊒㧕
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䋨㧕ฃ⸤⎇ⓥ㧔਻Ꮊᴒ✽ㄘᬺ⎇ⓥ࠮ࡦ࠲࡯䋩ޔᐕޔ౞ޔᨋ↥ᱷߐޔ
㘩ຠᱷߐ╬ᧂ೑↪ࡃࠗࠝࡑࠬߩᓴⅣ࡮೑↪ࠪࠬ࠹ࡓߩ㐿⊒
䋨㧕ฃ⸤⎇ⓥ㧔਻Ꮊᴒ✽ㄘᬺ⎇ⓥ࠮ࡦ࠲࡯䋩ޔᐕޔ౞ޔධ਻Ꮊ⇌
૞࿾ၞߦ߅ߌࠆ࠯ࡠࠛࡒ࠶࡚ࠪࡦဳࠞࠬࠤ࡯࠼೑↪ࠪࠬ࠹ࡓߩ㐿⊒
䋨㧕⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌㧔ᾢᧄᄢቇઍ⴫㧦ṚᎹవ↢䋩ޔᐕޔ౞ޔ
ᐩ⾰ᯏ⢻ߩᓸ↢‛ቇ⊛⹏ଔߣᡷༀᛛⴚߩᬌ⸛
䋨㧕⑼⎇⾌ޔᐕޔ౞ޔᄤὼࡎ࡞ࡕࡦ㒰෰ࠍ฽߻ኅ⇓♮ዩ࡮↢ߏߺ
ᷙว‛ߩ㜞ല₸ࠨ࡯ࡑ࡞࡝ࠨࠗࠢ࡞ᛛⴚߩ㐿⊒
䋨㧕⑼⎇⾌ޔᐕޔ౞ޔ὾㈪⫳⇐ᑄᶧ᦭ല೑↪ߩߚ߼ߩ᛫⣲≌ᵴᕈ
ᚑಽߩ⸃᣿
䋨㧕⑼⎇⾌ޔᐕޔ౞ޔ὾㈪☺߅ࠃ߮὾㈪☺߆ࠄ⵾ㅧߒߚ㉯ㅧ㈶߇᦭
ߔࠆࡑ࠙ࠬ࿕ᒻ⣲≌ߩჇᱺᛥ೙ᯏᐨߩ⸃᣿
䋨㧕౒ห⎇ⓥ㧔ℰ㣔䋨ᩣ䋩䋩ޔᐕޔ౞ޔ࠯ࡠࠛࡒ࠶࡚ࠪࡦ὾㈪࡮ஜ
ᐽ㈶⵾ㅧᛛⴚߩታ⸽ߣ੐ᬺൻ
䋨㧕౒ห⎇ⓥ㧔䋨ᩣ䋩ࡃࠗࡈࠔ䋩ޔᐕޔ౞ޔᑄ㉂Უᑄᶧಣℂᣇᴺߩ
ᬌ⸛
䋨㧕౒ห⎇ⓥ㧔ධ࿖⥝↥䋨ᩣ䋩䋩ޔᐕޔ౞ޔ᦭ᯏᕈᑄ᫈‛ߩࠨ࡯ࡑ࡞
࡝ࠨࠗࠢ࡞ߦ㑐ߔࠆ⎇ⓥ
䋨㧕౒ห⎇ⓥ㧔ർᶏ㆏ㄘᬺදห⚵วਛᄩળ䋩ޔᐕޔ౞ޔㄘ↥‛߆ࠄ
ߩࡃࠗࠝࠛ࠲ࡁ࡯࡞↢↥ࠪࠬ࠹ࡓߩ᭴▽
䋨㧕౒ห⎇ⓥ㧔᧲੩ⅽᣁ䋨ᩣ䋩䋩ޔᐕޔ౞ޔ⊒㉂ߦ㑐ߔࠆ౒ห⎇ⓥ
䋨㧕ነઃ㊄㧔ධ࿖⥝↥䋨ᩣ䋩䋩ޔᐕޔ౞
䋨㧕ነઃ㊄㧔䋨⽷䋩ࠕ࡞ࠦ࡯࡞දળ䋩ޔᐕޔ౞
䋨㧕ነઃ㊄㧔ߊ߹߽ߣ࠹ࠢࡁ↥ᬺ⽷࿅䋩ޔᐕޔ౞ޔ↢ࠧࡒߩ㞲ᐲ଻
ᜬᛛⴚ߅ࠃ߮ߘߩ೑ᵴ↪ᛛⴚߩ㐿⊒
䋨㧕ነઃ㊄㧔਻Ꮊ㔚ᛛ㐿⊒䋨ᩣ䋩䋩ޔᐕޔ౞
䋨㧕ነઃ㊄㧔ᣂᣣ㋕ࠛࡦࠫ࠾ࠕ࡝ࡦࠣ䋨ᩣ䋩䋩ޔᐕޔ౞
ฎᎹᙗᴦ
㧨⑼⎇⾌㧪
ၮ⋚⎇ⓥ䋨$䋩㩿䋩ઍ⴫㧦ㇱಽ੝⎣㉄ൻߣ #PCOOQZ ߩ⚵ߺวࠊߖߦࠃࠆᣂⷙ⓸⚛㒰෰
ࡊࡠ࠮ࠬߩ㐿⊒ޔᐔᚑ  ᐕᐲ  ਁ౞ޔᐔᚑ  ᐕ㨪 ᐕ
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㧨ⅣႺ⋭ᑄ᫈‛ಣℂ╬⑼ቇ⎇ⓥ⾌⵬ഥ㊄㧪
ࡃࠗࠝࠟࠬൻࡊ࡜ࡦ࠻ឃ᳓ਛߩ㜞Ớᐲࠕࡦࡕ࠾ࠕߩ /#2#0#//1: ࡂࠗࡉ࡝࠶࠼
ಣℂᛛⴚߩ㐿⊒ޔᐔᚑ  ᐕᐲ  ਁ౞ޔᐔᚑ  ᐕ㨪 ᐕ
㧨౒ห⎇ⓥ㧪
⨶ේⅣႺࠛࡦࠫ࠾ࠕ࡝ࡦࠣࢃ  ਁ౞
ࢃ࠲ࠢࡑ  ਁ౞
㧨ᅑቇነ㒝㊄㧪
ࠕࠨࡅࡆ࡯࡞ᩣᑼળ␠ޔ ਁ౞
ᩣᑼળ␠ ࠢ࡜࡟ޔ ਁ౞
ࠝ࡞ࠟࡁᩣᑼળ␠ޔ ਁ౞
ᣣ┙ࡊ࡜ࡦ࠻ᩣᑼળ␠ޔ ਁ౞

Ꮉ⿧଻ᓼ
࡮⷏↰㋕Ꮏ⎇ⓥၮ㊄ ᐕ ਁ౞↢ಽ⸃ᕈࡊ࡜ࠬ࠴࠶ࠢ⾗ൻᕈ⣕
⓸⚦⩶ߩ㓸Ⓧ࡮ಽ㔌ߣ⎣㉄ᕈ⓸⚛㒰෰߳ߩ೑↪ߦ㑐ߔࠆ⎇ⓥ

᎑↰ ⚐
㧨⑼ቇ⎇ⓥ⾌㧪
⑼⎇⾌ၮ⋚ 䋨B䋩䋨2䋩 ᐔᚑ 16-18 ᐕᐲ ᑄ᫈‛ಣಽߦ㑐ࠊࠆ቟ోᕈᬌ⸛ߩߚ߼
ߩᴪጯ࿾࿤ၞ࿾ਅ᳓ᵹേࠪࠬ࠹ࡓߩតᩏᛛⴚ㐿⊒㧚ᓼ᳗᦮␽㧔ઍ⴫䋩ޔ౐Ꮉୃ
৻ޔ᎑↰ ⚐ޔᄢਭ଻ᵏ㇌ޔ20000ජ౞
⑼⎇⾌ၮ⋚⎇ⓥ䋨㧮䋩䋨ᶏᄖቇⴚ⺞ᩏ㧕 ᐔᚑ㧙ᐕᐲ ᧲ࠕࠫࠕᴪጯၞߦ߅
ߌࠆ࿾ਅ᳓ᵹ಴ߦ઻߁὇⚛࡮ᩕ㙃Ⴎ㘃⽶⩄㊂ߩ⹏ଔ㧚⼱ญ⌀ੱ㧔ઍ⴫䋩ޔ⫱↢
ବᢘޔᓼ᳗᦮␽ޔችጟ㇌છޔᒛ ഹޔ᎑↰ ⚐ޔዊ㊁ኹ⌀৻ ජ౞
⑼⎇⾌ ၮ⋚⎇ⓥ䋨%䋩ᐔᚑ㧙ᐕᐲ ࡑ࡞࠴࡮࠻࡟࡯ࠨ࡯ᚻᴺߦࠃࠆᵹၞ᳓࡮
‛⾰ᓴⅣࡊࡠ࠮ࠬߩࡕ࠺࡞ൻߦ㑐ߔࠆ⎇ⓥ㧚 ㄞ᧛⌀⾆㧔ઍ⴫䋩ޔ᎑↰ ⚐
 ජ౞
⑼⎇⾌ ၮ⋚⎇ⓥ䋨#㧕ᐔᚑ㧙ᐕᐲ ⇣Ᏹ㑆㓗᳓࿶ጀߩ⊒↢࡮਄᣹ࡔࠞ࠾࠭
ࡓߣᐢၞ࿾ਅ᳓ᵹേޔ⥄ὼἴኂߦ෸߷ߔᓇ㗀 ↰ਛ๺ᐢ㧔ઍ⴫䋩ޔች↰㓶৻㇢ޔ
ජᧁ⦟㓷ᒄޔᓼ᳗᦮␽ޔ੹ጟᾖ༑ޔਛ↰⧷ੑޔ᎑↰ ⚐ޔ㊄᛬⵨มޔ⍹↰ Პޔ
㚍ේ଻ౖޔ38600 ජ౞

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㧨ߘߩઁߩ⎇ⓥ⾌㧪
ㇺၔᏒฃ⸤⎇ⓥ⾌ ᐕᐲޔઍ⴫ ජ౞㧘ޡㇺၔ⋆࿾ߩ࿾ਅ᳓ᵹേ࡮ᓴⅣ
ᯏ᭴⸃ᨆޢ
✚ว࿾⃿ⅣႺቇ⎇ⓥᚲ ᐕᐲ౒ห⎇ⓥޔಽᜂ ජ౞㧘ޡㇺᏒߩ࿾ਅⅣ
Ⴚߦᱷࠆੱ㑆ᵴേߩᓇ㗀ޢ
ේሶജⅣႺᢛ஻ଦㅴ࡮⾗㊄▤ℂ࠮ࡦ࠲࡯ ࿾ጀಣಽ㊀ⷐၮ␆ᛛⴚ⎇ⓥ⺞ᩏ 
ᐕᐲ ජ౞ ޡၸⓍጤ࿾ၞߦ߅ߌࠆႮ᷆Ⴚ⇇ߦ㑐ߔࠆ⎇ⓥޢ ᓼ
᳗᦮␽㧔ઍ⴫䋩࡮᎑↰ ⚐㧔ಽᜂ㧕
⾗Ḯ࡮⚛᧚ቇળᷓޔ ㇱ࿾⾰ⅣႺ⺞ᩏ⸃ᨆᛛⴚ૕♽ൻᆔຬળ ฃ⸤⎇ⓥ ޡ࿾ਅ᳓
ߩ࿾⃿ൻቇ⊛⺞ᩏߦ㑐ߔࠆ⎇ⓥޢޔಽᜂ ජ౞
ᚢ⇛⊛ၮ␆⎇ⓥផㅴ੐ᬺ⚻⾌ᐕᐲޡർ᧲ࠕࠫࠕᬀ↢ᄌㆫၞߩ᳓ᓴⅣ
ߣ↢‛࡮ᄢ᳇࿤ߩ⋧੕૞↪ߩ⸃᣿ޢ᧖↰୶᣿㧔ઍ⴫㧕߶߆ޔಽᜂජ౞
ᩭΆᢱࠨࠗࠢ࡞ᯏ᭴వ┵ၮ␆⎇ⓥഥᚑᐔᚑᐕᐲ Ⴎ⚛቟ቯห૏૕Ყࠍ↪
޿ߚ᳓ℂ࿾⾰᭴ㅧࡕ࠺࡞⹏ଔᛛⴚߩ㐿⊒㧚ᓼ᳗᦮␽㧔ઍ⴫䋩ޔ᎑↰ ⚐ޔ੗ዥ
⵨ੑޔዊ㊁⺈ޔ ජ౞
㧨ᆔછ⚻ℂ㊄㧪
㧞ઙ 㧔1200ජ౞㧕

ዊᳰస᣿
࡮⑼ቇ⎇ⓥ⾌ ၮ⋚⎇ⓥ B㧔ઍ⴫䋩㧦6,400ජ౞
࡮ᣣᧄේሶജ⎇ⓥ㐿⊒ᯏ᭴ వⴕၮ␆Ꮏቇ⎇ⓥ㧔ઍ⴫䋩㧦3,000ජ౞
࡮䋨⽷䋩ᣣᧄ㋶ᬺᝄ⥝ળ⹜㛎⎇ⓥ㧔ઍ⴫㧕㧦700ජ౞
࡮ᾢᧄᄢቇᎿቇㇱ⑼ቇ⎇ⓥഥᚑ ࿾ၞㅪ៤㧔ઍ⴫䋩㧦1,000ජ౞
࡮ነ㒝㊄㧦᳃㑆ડᬺ࡮䋨␠䋩⾗Ḯ࡮⚛᧚ቇળࠃࠅ㧘⸘ 3,650ජ౞
࡮౒ห⎇ⓥ⾌㧦࿖┙ᭂ࿾⎇࡮੩ㇺᄢቇ㒐ἴ⎇㧔ಽᜂ䋩㧘⸘ 250ජ౞
ṚᎹ ᷡ
Ԙᣣᧄቇⴚᝄ⥝⑼ቇ⎇ⓥ⾌⵬ഥ㊄
㧕ṚᎹ 㧔ᷡᾢᄢઍ⴫㧕㧚ᢥㇱ⑼ቇ⋭⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌䋺㊀ⷐ⺖㗴⸃᳿ဳ⎇ⓥ䋬㩷
䇸᦭᣿ᶏ↢‛↢ᕷⅣႺ䈱ਇୄ⍑ဳౣ↢䈫ታ⸽⹜㛎㧔 ᐕᐲ  ජ౞䋩
ԙᅑቇነઃ㊄
㪌 ઙ㩷 㩷 㪊㪃㪍㪊㪐㪃㪈㪍㪏౞㧔ᴪጯၞⅣႺ⑼ቇᢎ⢒⎇ⓥ࠮ࡦ࠲࡯࡮ᢎ᝼㧧ṚᎹ ᷡ㧕
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Ԛ౒ห⎇ⓥ
㧕ṚᎹᷡ㧚㧔ࠕࠫࠕࡊ࡜ࡦ࠾ࡦࠣࢃ㧕ᐔᚑޯ⛮⛯ਛ㧔ජ౞䋩ᐕޟ᦭᣿
ᶏၞߦ߅ߌࠆ⥄ὼⅣႺߩ⹏ଔߣ଻ోߦ㑐ߔࠆ⎇ⓥޠ
㧕ṚᎹᷡ㧔㐿ᚑᎿᬺᩣᑼળ␠䋩ᐔᚑޯ⛮⛯ਛ㧔ජ౞䋩ᐕޟ㒽᳓ᵹ
౉ߦ઻߁᦭᣿ᶏၞߩ‛⾰ᵹേߣߘߩ೙ᓮޠ

ၔ ᤘౖ
䋨㧕ਃ੗㊄ዻ㋶ᬺᩣᑼળ␠ߣߩ౒ห⎇ⓥᐕਁ౞Ớෘ㊄ዻႮṁᶧਛ
ߩᓸ㊂ࡈ࠶ൻ‛ࠗࠝࡦߩ㒰෰ࠍ⋡⊛ߣߔࠆ㜞ᯏ⢻ㆬᛯๆ⌕೷ߩ㐿⊒ߦ㑐ߔ
ࠆ⎇ⓥ
䋨㧕⽷࿅ᴺੱ㋕㍑ᬺⅣႺ଻ోᛛⴚ㐿⊒ၮ㊄ᐕਁ౞੝㋦ࠗࠝࡦࠍ㜞
ㅦߢๆ⌕ߔࠆੑቭ⢻ᕈࠠ࡟࡯࠻❫⛽ߦࠃࠆ੝㋦ᳪᨴ᳓ߩᵺൻ
11
ߡ޿ߟߦⷐ᭎↹⸘ⓥ⎇ߩᐲᐕ9㧝ᚑᐔ
ࡊ࡯࡞ࠣࠣࡦ࡝࠲࠾ࡕ‛↢ߩ⾰‛ᨴᳪႺⅣ #

ࠣࡦ࡝࠲࠾ࡕႺⅣߚ޿↪ࠍ㘃↢ਔየ᦭߿㝼࡮
߆ࠄ᣿ࠍ᭴ᯏ↪૞߮෸㗀ᓇߩ߳‛↢ߔ߷෸߇ߤߥ᷷᳓
࿃ⷐႺⅣޔߪᐲᐕ᧪
ޔߖߐዷ⊒ߦࠄߐࠍࡓ࠹ࠬࠪࠣࡦ࡝࠲࠾ࡕߩ⾰‛ᨴᳪႺⅣޔࠅࠃߦߣߎࠆߔߦ
⊒㐿ߩࡓ࠹ࠬࠪࠣࡦ࡝࠲࠾ࡕ‛↢ࠆ߈ߢଔ⹏ߦ⊛ว✚ࠍႺⅣࠆߔ⢒↢߇‛↢
޿ߟߦ᭴ᯏߩࠬࠪ࡯࠻ࡐࠕࠆࠃߦࡦ࠴ࠢ࡜ࡠࡊߩᎽ♖࡝ࡕ ࠗޔߚ߹ޕߔߑ߼ࠍ
ߦ߁ࠃߩߤߢౝ⢩⚦ޔ߆ߩࠆߔൻᕈᵴࠍ૕ኈฃߡߒߦ߁ࠃߩߤ߇࠼ࡦࠟ࡝ޔߡ
ޕࠆߴ⺞ߡ޿ߟߦޔ߆ߩ߽ߥ߁ࠃߩߤߪ⒟ㆊⴕታߩᱫޔ߆ߩࠆࠊવ߇࡞࠽ࠣࠪ
⺞ߡ޿↪ࠍ♽㙃ၭᎽ♖ߡ޿ߟߦ㗀ᓇࠆߔኻߦᚑᒻሶ♖ߩ⾰‛ᕈᲥႺⅣޔߦࠄߐ
ޕࠆߴ
ࠣࡦ࡝࠲࠾ࡕႺⅣࠆࠃߦ࡝ࡁࡆࠨࠬ࡮
ࡆࠨࠬߡߒߦ⠨ෳࠍⓥ⎇ߩߢ⮺ࡦ࡜㧦᣿⸃᭴ᯏሶಽߩൻᄌ⺞⦡࡝ࡁࡆࠨࠬ㧚㧝
ߦ╵ᔕࠬ࡟࠻ࠬ⒳ฦߒቯផߣሶવㆮዉ⺃ߜ⪭⦡ࠍHE;ሶવㆮ૕✛⪲ߩ࡝ࡁ
ߥ⇣ߊోߪߣ⮺ࡦ࡜ߪHE;ࠅࠃߦⓥ⎇ߩᐲᐕ㧤㧝ᚑᐔ㧘߇ߚ߈ߡߴ⺞ߡ޿ߟ
ࡦ࡝ࠬ࡝ࠛࠦࠖࡈ㧘ߒ߆ߒޕߚࠇ߹↢߇ᕈ⢻นࠆߔਈ㑐ߦൻหࠕ࠾ࡕࡦࠕࠅ
นࠆߔਈ㑐ߦ⸃ಽ߿ᚑวߩࡓ࡯࠰࡝ࡆࠦࠖࡈ߇(%;ࠄ߆ߣߎࠆߔ౮ォ౒ߣ
ߦ߆ࠄ᣿ࠍ߆ߩࠆ޿ߡߒਈ㑐ߦ⻢ઍ⚛⓸߇HE;ߢߎߘޕࠆ޿ߡࠇߐᱷ߽ᕈ⢻
ᔕߩHE;㧘ߴ⺞ࠍ╵ᔕ⃻⊒ߩሶવㆮHE;ߩߢḮ⚛⓸⒳ฦ㧕㧝㧘ߦ߼ߚࠆߔ
૕⁁⪲ߩઙ᧦㙃ၭ⒳ฦ㧕㧞㧘⸽ᬌߩ߆߁ߤ߆ࠆ޽ߢ⊛⇣․ߦࠕ࠾ࡕࡦࠕ߇╵
⸃⢻ᯏߩHE;㧕㧟㧘ቯ᳿ߩ૏ㇱ࿷ዪߩࠢࡄࡦ࠲HE;ߡߒ㔌නࠍ૕✛⪲ࠅࠃ
ߩ૕⇣ᄌ៊ᰳHE;ߡߒߦ⠨ෳࠍᴺ឵ォ⾰ᒻ૕✛⪲ߩ⮺⚃⢩⚦නޔߦ߼ߚߩᨆ
ޕ߁ⴕࠍ㧘ߺ⹜ߩ಴૞
࠻ࠬዻ㊄㊀ߥᒙᓸߩ૕⁁⪲࡝ࡁࡆࠨࠬ㧦ࠣࡦࠪࡦ࠮࠻࡯ࡕ࡝ߩ࡝ࡁࡆࠨࠬ㧚㧞
ߦ߆ࠄ᣿ߦߢ߹ᐲᐕᚑᐔ߇ߣߎࠆ޽ߢ⢻น߇ߣߎࠆߔ⍮ᗵࠍ╵ᔕߩ߳ࠬ࡟
ᢅߡߒኻߦࠬ࡟࠻ࠬዻ㊄㊀߽ࠅࠃ૕⁁⪲ߪ૕⁁♻㧘ߪߦᐲᐕᚑᐔޕߚߞߥ
ࡦ࡝࠲࠾ࡕႺⅣࠆࠃߦ૕⁁♻ߪᐲᐕᧄ㧘ߢߎߘޕߚࠇߐໂ␜߇ߣߎࠆ޽ߢᗵ
ߦടᷝዻ㊄㊀⒳ฦߩᄖએ㌃ߡ޿↪ࠍ૕⁁♻㧘ߦ߼ߚࠆតࠍᕈ⢻นߩ↪೑߳ࠣ
ޕࠆߴ⺞ࠍ⒟ㆊ⸃ಽࡓ࡯࠰࡝ࡆࠦࠖࡈࠆࠃ
౎ߦ․ޔߪߢޠో଻ߩᕈ᭽ᄙ‛↢ޟޕࠆߍ޽ࠍᨐᚑޔߒ⛯⛮ࠍⓥ⎇ㅧഃ╷᡽
ࠍ࠲࡯࠺␆ၮߩ߼ߚߩࡦ࡚ࠪ࡯ࠥ࠴ࡒޔ޿ⴕࠍᩏ⺞ߢㄝ๟ጯᶏደႮߣጯർᶏઍ
▤Ḯ⾗ޔߒ⛯⛮ࠍⓥ⎇ߩ࡝ࠣࡑࡂޔߪߢޠ↪೑⊛⛯ᜬߩḮ⾗↥᳓ޟޕࠆߔ㓸෼
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ⴕࠍ⼏දߦ❥㗫ߣදṪ߿Ꮢ࡮⋵ᧄᾢޔߦ౒ߣࠆߔ㓸෼ࠍ࠲࡯࠺␆ၮߥⷐᔅߦℂ
ޠ⊒㐿ߣἴ㒐ߚߒ๺⺞ߦႺⅣޟޕࠆߔ⊒㐿ࠍ╷ℂ▤Ḯ⾗ߊߠၮߦᚑᒻᗧวߡߞ
౒ߣࠆߔ⛯⛮ࠍࠣࡦ࡝࠲࠾ࡕߩ㘃⽴ߣ࿾ḨᕈႮߚߒᬀ⒖ߡ޿߅ߦᶏઍ౎ޔߪߢ
ࠍⴚᛛࡦ࡚ࠪ࡯ࠥ࠴ࡒࠆߔኻߦߡ┙߼ၒጯᶏߩ㧕ᶏ᣿᦭㧔඙࿾ደႮᏒᧄᾢޔߦ
ޕࠆߔ┙⏕

ࡊ࡯࡞ࠣࡦ࡚ࠪ࡯ࠛࠗ࠺ࡔ࡟࡮ࠝࠗࡃߩ⾰‛ᨴᳪႺⅣ $

ߚࠇఝޔ߇ᔕ෻㧕ZQOOCP#㧔ൻ㉄ࠕ࠾ࡕࡦࠕᕈ᳇ህߢⓥ⎇ߚ߈ߡߞⴕߢ߹ࠇߎ
ᭂࠍ⚛⓸ࠆߥߣ࿃ේߩỘᳪߩၞ᳓ᕈ㎮㐽ޔ߫ࠇߔ↪೑ࠍᔕ෻ߩߎޔߒ᦭ࠍജ⢻
߹ࠇߎߪߢᐲᐕ⚳ᦨޔߢߎߘޕߚߒ᣿್߇ߣߎࠆߥߣ⢻นℂಣߢ࠻ࠬࠦૐߡ߼
┙వߦZQOOCP#ޔߦ⽎ኻࠍ᳓ឃታޔߡߒߣ㓏Ბ⚳ᦨߩⓥ⎇ߩㅪ৻ߚ߈ߡߒᣉታߢ
ℂಣZQOOCP#ࠆߔߣ⽎ኻࠍ᳓ឃߚߒℂಣൻ㉄⎣੝ಽㇱߩߎޔℂಣൻ㉄⎣੝ಽㇱߟ
ಣൻ㉄⎣੝ಽㇱࠆࠃߦ࠲ࠢࠕ࡝ᐥേំޔߪߦ⊛૕ౕޕࠆߔᣉታࠍⓥ⎇ࠆߔ㑐ߦ
ߒߣ⽎ኻℂಣࠍᶧ㔌⣕ᵆᳪ႐ℂಣ᳓ਅᏒㇺޔᶧ㔌⣕࠻ࡦ࡜ࡊࠬࠟࠝࠗࡃޔࠍℂ
ࠄ᣿ࠍ㗀ᓇߩᐲ࡝ࠞ࡞ࠕޔ㧴㨜ޔᐲỚ&1$ߔ߷෸ߦℂಣൻ㉄⎣੝ಽㇱޔߒᣉታߡ
ߩࠄ߆࠻ࡦ࡜ࡊࠬࠟࠝࠗࡃޕࠆߔߦ߆ࠄ᣿ࠍᐲỚ0*0ኈ⸵ޔߦ߽ߣߣࠆߔߦ߆
ࠕ࡝ZQOOCP#ߩᲑᓟޔߦ߼ߚ޿ߥ߈ߢ෰㒰Ლᴉޔࠇߐ᦭฽߇55ߥ⚦ᓸߪߦᶧ㔌⣕
ޕࠆߔ⸛ᬌࠍ↪ㆡߩℂಣ㔌ಽ਄ᶋޔℂಣ㓸ಝޔߢߩࠆࠇߐᔨ ߇㗀ᓇߩ߳࠲ࠢ
࡜ࠞZQOOCP#ߚߒႯలࠍᏓ❱ਇޔߦ⽎ኻℂಣࠍ᳓ℂಣൻ㉄⎣੝ಽㇱߚߒ෰㒰ࠍ55
ޕࠆߔߦ߆ࠄ᣿ࠍ㊂⩄⽶⚛⓸ኈ⸵ߩߘޔ޿ⴕࠍ㛎⹜ℂಣ⛯ㅪߩߢ࠲ࠢࠕ࡝ࡓ
ಣZQOOCP#ߣℂಣൻ㉄⎣੝ಽㇱߢᮏ৻ߚߒ⊒㐿ߦⷙᣂߢቶⓥ⎇ޔߡ߃ടߦࠇߎ
ࠍ᳓ឃ޿ૐߩᐲỚ55ޔ&1$ߢ᳓ℂಣߩ᳓ឃᬺᎿሶ㔚ޔߡ޿ߟߦᴺ2#05ߥ⢻น߇ℂ
ޕࠆ߃ടࠍ⸛ᬌߩ╬ജ⢻ℂಣޔࡊ࠶ࠕ࡞࡯ࠤࠬߩߘߦ⽎ኻℂಣ
ࠍߣߎࠆ޽ߢ⊛ല᦭ߡ߼ᭂߦ෰㒰⚛⓸߇ᔕ෻ZQOOCP#ޔߡߒㅢࠍⓥ⎇ߩࠄࠇߎ
ޕࠆ޽ߢ↹⸘ࠆߔା⊒ࠍႎᖱㅪ㑐ZQOOCP#ࠄ߆ቇᄢᧄᾢߡߌะߦ⇇਎ޔߒ⸽ታ
㉄⎣ߩߘޔߒ⸽ᬌࠍቯห࡮㔌නߩᩣ(-⩶⚦⓸⣕ᕈൻ⾗$*2ޔߡ޿߅ߦᐲᐕ࡮
⦟߇⸛ᬌ஻੍ߩⴚᛛ෰㒰రㆶ㉄⎣ࠆࠃߦ㛎ታ⛯ㅪඨ߮ࠃ߅ޔ⹺⏕ߩജ⢻రㆶ
ߣḮ⚛὇ࠍ$*2ޔߡ߃߹〯ࠍᨐ⚿ߩࠄࠇߎޔߪᐲᐕᚑᐔޔࠄ߆ߣߎߚߞ޽ߢᅢ
ߤߥ૕ᜂൻቯ࿕‛↢ᓸޔߦ․ޕࠆߔ┙⏕ࠍ␆ၮߩᴺᣇℂಣరㆶ㉄⎣⛯ㅪࠆߔ
ߢ⛎ଏߡߒߣḮ⚛὇ࠍ$*2ߦࠄߐޔߒⓍ㓸ߦᐲỚ㜞ࠍᩣ(-ޔߢߣߎࠆߔ↪ᵴࠍ
޿↪ߡߒߣ૕ਈଏሶ㔚߮ࠃ߅Ḯ⚛὇ࠍ$*2ߡߒ▽᭴ࠍࡓ࠹ࠬࠪ࠲ࠢࠕ࡝ࠆ߈
ޕࠆ߼ㅴࠍⓥ⎇ߡߌ߻ߦ▽᭴ߩⴚᛛ෰㒰⚛⓸ᕈ㉄⎣⛯ㅪߩ࠻ࠬࠦૐߢㅦ㜞ࠆ
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ࠛ߿㉂⊒ࡦ࠲ࡔޔߡߓᔕߦಽᚑߩ‛᫈ᑄ♽ᯏ᦭ߥޘ᭽ࠆ޿ߡߞߥߣ⩄⽶ႺⅣ࡮
ߩᬺ↥ႺⅣޔߒ⸛ᬌߡߒ⛯⛮ࠍ⊒㐿ߩⴚᛛ↪೑ല᦭ߚߒ↪೑ࠍ㉂⊒࡞࡯ࡁ࠲
⒟Ꮏㅧ㉯߿ㅧ⵾ຠ㘩ޔߚ߹ޕ߁ⴕࠍ▽᭴ߩࠬ࠮ࡠࡊ࡞࠲࡯࠻ࠆ߇ߥߟߦዷ⊒
ߩຠ㘩ߚߒㅧ⵾ޔߒㅧ⵾ࠍຠ㘩ᕈ⢻ᯏࠄ߆ࠬࡑࠝࠗࡃ♽ᯏ᦭ࠆࠇߐ಴ឃࠄ߆
ᛛߩࠄࠇߎޕߔᜰ⋡ࠍൻ୯ଔടઃ㜞ߢߣߎࠆߔߦ⏕᣿ࠍ᭴ᯏ↪૞߿ᕈᵴℂ↢
↪ᵴ೑ࠄ߆ⴚᛛℂಣߩሽᣢߚߞ޿ߣಽಣ┙ၒψಽಣ㑆ਛߩ᧪ᓥޔߒ┙⏕ࠍⴚ
ߔ₂⽸ߦᱛ㒐ൻᥦ᷷⃿࿾߮ࠃ߅ᷫシߩ⩄⽶਄㒽ޔߢߣߎࠆ࿑ࠍ឵ᄌߩ߳ⴚᛛ
߇‛↢ᓸߣᘒ⁁రㆶൻ㉄ࠆߌ߅ߦẟᐓߩ㓙ታޔߪߡߒኻߦ%ࡊ࡯࡞ ࠣޔߚ߹ޕࠆ
Ⅳẟᐓࠆߔൻᖡޔߒߦ߆ࠄ᣿ࠍଥ㑐ߩ࡞ࠢࠗࠨ㤛⎫ࠆࠇߐᚑᒻߡߞߥߣᔃਛ
ޕࠆߔ┙⏕ࠍⴚᛛߚߒ↪೑ࠍᴺᚻ⊛ቇ‛↢ᓸࠆ߈ߢ₂⽸ߦ⊒㐿ߩ╷ༀᡷߩႺ

ࡊ࡯࡞ࠣଔ⹏ߩႺⅣ᳓ߩၞጯᴪ%

ⓥ⎇ᒰ߻฽ࠍⓥ⎇ὐ᜚ᧄߢ߹ࠇߎޔߡߒߣ࡞࡯࠷ࠆߔ〔ㅊࠍࠬ࠮ࡠࡊⅣᓴ᳓࡮
૕૏หቯ቟⚛㉄࡮⚛᳓ߩߡߒߣ࡯ࠨ࡯࡟ߣ㑆ⓨޔߪᴺᚻߚ߈ߡߒ↪೑ߡߦቶ
ߩࠄࠇߎޕߚߞ޽ߢ㧠㧝⚛὇߮ࠃ߅ࡓ࠙࠴࡝࠻ߩߡߒߣ࡯ࠨ࡯࡟࠻㑆ᤨߣᲧ
ᵹᐙ᮸߿᣿⸃ߩേᵹ᳓ਅ࿾ၞᐢߥ⊛రᰴ  ߩਛጤ⋚ၮޔߢߣߎࠆ޿↪ࠍᴺᚻ
࠴࡝࠻ߩਛ᳓㒠ߩᐕㄭޔ߇ߚ߈ߡߒഞᚑߦߤߥൻ㊂ቯߩ㗀ᓇࠆ߃ਈߦ಴ᵹߩ
޿ㄭߦ⇇㒢ࠈߘࠈߘ߇ᴺࡓ࠙࠴࡝࠻ߩߡߒߣᴺᚻଔ⹏ઍᐕޔߪਅૐᐲỚࡓ࠙
⚵ᨒߩ࠻ࠢࠚࠫࡠࡊⓥ⎇ࠆߔㅪ㑐߮ࠃ߅ⓥ⎇ὐ᜚ᧄޔࠅ߅ߡߒࠄߚ߽ࠍᴫ⁁
ࡠࡈߩਛ᳓ߡߒߣᴺᚻቯ᷹ઍᐕߩⅣᓴ᳓ߥߚᣂࠆࠊᄌߦᴺᚻߩߎޔߢਛߩߺ
ᐲᐕ *ޕߚߒᚻ⌕ࠄ߆ᐲᐕ * ߦ⊒㐿ߩᴺᚻߚ޿↪ࠍ㧕U㧯㧲㧯㧔‛วൻࡦ
ޔߢߩߚࠇߐ┙⏕߇ࡓ࠹ࠬࠪቯ᷹ઍᐕ᳓ਅ࿾ࠆࠃߦᴺU㧯㧲㧯ޔߡߒߣᨐᚑߩ
⎇ห౒ߩߣ㑐ᯏⓥ⎇ ઁޔⓥ⎇⸤ฃࠆߔㅪ㑐߿ⓥ⎇ὐ᜚ᧄࠍᴺᚻߩߎߪᐲᐕ *
ࠁߡߒ߿Ⴧࠍ଀੐ቯ᷹ߩߘޔߒᔕㆡߦ᳓ਅ࿾ߩᄖᶏ߮ࠃ߅ౝ࿖ߡߒㅢࠍ╬ⓥ
ޕࠆ޽ߢቯ੍ߊࠁߡ߼ᭂ⷗ࠍ⇇㒢ߣᕈല᦭ߩᴺᚻᧄޔߢߣߎߊ
޽ߦႺⅣὼ⥄ߩ․⁛ߤߥᏅ૏ầᄢߣẟᐓߥᄢᐢ㧘ࠅ޽ߢḧౝ⊛㎮㐽ߥ⊛⴫ઍ࡮
㧘⊒ᄙߩầ⿒㧘ᷫỗߩ⒳ߩߘߣൻᄌߩ⋧‛↢ߩᐕㄭ㧘ߪߢᶏઍ౎࡮ᶏ᣿᦭ࠆ
ߞ㒱ߦ㧕࡞࡜ࠗࡄࠬߩ⽶㧔ⅣᓴᖡߩൻᖡႺⅣߥỗᕆ㧘ߤߥൻᖡߩ⾰ᐩ࡮⾰᳓
ߣᣉታߩⓥ⎇⊛ቇ⑼ࠆߔ㑐ߦ↢ౣߣᓳ࿁ߩႺⅣၞᶏ㧘ࠇߐᔨ ߣߩ߽ࠆ޿ߡ
ᶏߩߎ㧘ߚ߹ޕࠆ޽ߢ㗴⺖⊛ኅ࿖ࠆߔⷐࠍᕆ✕߇╷ኻᜬ⛽↢ౣߩߘ㧘ߦ߽ߣ
଻⏕ᕈో቟࡮ᔃ቟ࠆߔኻߦኂἴ⽎ᶏ㧘ࠅ޽߽ߢᏪ࿾ⷅᏱߩ╬ầ㜞࡮㘑บߪၞ
๺⺞ߩ̍ἴ㒐ߣႺⅣ̌ߚߒ෻⋧ᓞੑ㧘ࠅ޽߽ߢၞ࿾ߥᰳนਇ߇╷ኻߩ߼ߚߩ
ޕ޿ߥࠄߥ߫ߨࠊⴕߦ⊛ᭂⓍߟ߆ᕆ✕㧘ࠍᔕኻ⊛ⴚᛛ࡮⊛ⴚቇߥᕆᣧࠆߔ㑐ߦ
ႺⅣߩ⽎࿾࡮⽎ᶏ࡮⽎᳇㧘ߪႺⅣߩᶏઍ౎࡮᣿᦭޿㜞ߩᕈ㎮㐽㧘ߥ߁ࠃߩߎ
ⶄࠆߌฃߊ߈ᄢࠍ㗀ᓇ⊛ὑੱߩࠄ߆㒽ౝߦࠄߐ㧘ࠅࠊട߇♽ᘒ↢ߦ⚛ⷐᚑ᭴
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ߩേᄌႺⅣࠆߌ߅ߦၞᶏߩߎ㧘ߡߞᓥޕࠆ޽ߦ♽ႺⅣࠆࠇߐ㈩ᡰߦሶ࿃ߥ㔀
ߣ೙૕ⓥ⎇⊛ว✚࡮⊛㓙ቇߩࠄ߆㊁ಽߥ▸ᐢ㧘ߪߡߒ㓙ߦ᣿⸃ߩࡓ࠭࠾ࠞࡔ
㧘߽ࠄ߆਄ߩℂ▤࡮ᣉታ࡮ቯ╷ߩ╷ᣇߩߘ㧘ߡߞߚ޽ߦᜬ⛽↢ౣߩႺⅣ㧘ߦ߽ߣ
ޕࠆ޽ߢᰳนਇ߇೙૕ㅴផߥ⊛ว✚ࠆࠃߦቇቭ↥㧘ߚ߃⿥ࠍᨒߩ᡽ⴕ࡮ᐡ⋭
౎࡮᣿᦭ࠆ޽ߦᘒ⁁ᑷ∋߹߹ߩ᣿ਇ߇ࡓ࠭࠾ࠞࡔߣ࿃ේߩൻᖡႺⅣߪⓥ⎇ᧄ 
ߦ⊛‛↢㧘⊛ቇൻ㧘⊛ℂ‛ࠍࡓ࠭࠾ࠞࡔߥ㔀ⶄߩႺⅣၞᶏ㧘ߒߣ࡞࠺ࡕࠍᶏઍ
ᶏ㧘ߦ߽ߣߣ߁ⴕࠍ▽᭴ߩࡓ࠹੍᷹ࠬࠪ࡮ଔ⹏ߩൻᄌႺⅣ㧘ߒⓥ⎇ࠄ߆㕙஥ᄙ
ߣో଻ႺⅣၞᶏ㧘ߤߥ⊒㐿ⴚᛛᷫ೥ߩ⩄⽶⊛ὑੱߩࠄ߆㒽ౝ߿╷ༀᡷߩႺⅣၞ
੍᷹࡮ଔ⹏ߩኂἴ⽎ᶏ㧘ߦ߽ߣߣⓥ⎇⊒㐿࡮㛎ታ⸽ታ࿾⃻ߩߡ޿ߟߦ╷ᣇᜬ⛽
ࠆߔ಴ഃࠍ௝ᗐℂߩో଻ႺⅣߚߒ๺⺞߇ߣἴ㒐ߣႺⅣ㧘޿ⴕࠍ▽᭴ߩࡓ࠹ࠬࠪ
߼ߚߩᚑᒻળ␠ၞ࿾ߥ⢻น⛯ᜬࠆߌ߅ߦ♿਎ࠅࠃߦࠇߎޕࠆߔߣ⊛⋡ࠍߣߎ
ޕࠆ޽ߢߩ߽ࠆ࿑ࠍ㐿ዷ⊛ቇ⑼ߩ
቟ޔ๺⺞ߩἴ㒐ߣႺⅣޔ㧕ἴᷫ㧔ἴ㒐ޔႺⅣޔ߽ߡ޿߅ߦᐲᐕ  ߩᐲᐕ⚳ᦨ࡮
ߥ⊛ᭂⓍޔ߈⛯߈ᒁߡߒߣᮡ⋡ࠍޔࠅߊߠળ␠ၞ࿾ߚߒ߈ᵴ߈ᵴߢో቟࡮ᔃ
ဳᄢ⿥ߚࠇߐᛯណߦᐲᐕޔߦ․ޕࠆߔ⛯⛮ࠍߤߥዉᜰቯ╷╷᡽ޔ㐿ዷⓥ⎇
ႺⅣᕷ↢‛↢ᶏ᣿᦭ޟ⾌ᢛ⺞⥝ᝄⴚᛛቇ⑼ߩ⋭ቇ⑼ㇱᢥ㧔࠻ࠢࠚࠫࡠࡊⓥ⎇
ࡑ࡯࠹ࠍޠ↢ౣߩᶏઍ౎࡮ᶏ᣿᦭ޟߦᔃਛࠍⓥ⎇㧕ޠ㛎ታ⸽ታߣ↢ౣဳ⍑ୄߩ
ޕ߁ⴕࠍ㐿ዷⓥ⎇ߥ⊛ᭂⓍޔਅߩ៤ㅪ⊛ᯏ᦭ߩߣࡊ࡯࡞ࠣⓥ⎇ฦޔߦ
ޕࠆߔᣉታࠍⓥ⎇ߩਅએߡߒ㑐ߦࠣࡦࠪࡦ࠮࠻࡯ࡕ࡝࡮
㧦ࠣࡦࠪࡦ࠮࠻࡯ࡕ࡝ᤊⴡ㧕
ਅ࿾߮ࠃ߅㧘㗀ᓇߔ߷෸ߦ૏᳓ਅ࿾߇ൻᄌߩ⾰‛ጀ⴫ߡߞࠃߦᨆ⸃௝↹ᤊⴡ࡮
ޕࠆߔߦ߆ࠄ᣿ࠍൻᄌ⊛㑆ᤨߩࡦ࡯࠲ࡄേᵹ᳓
߿௝↹6#5&0#.㧘޿↪ࠍᨐ⚿ߚࠇࠄᓧࠄ߆ቯ᷹࡞࠻ࠢࡍࠬ኿෻ߩᢱ⹜ẟᐓ࡮
࡮⊛㑆ᤨߩႺⅣ⾰࿾ߩ‛Ⓧၸẟᐓ㧘ߖߐዷㅴࠍᨆ⸃ߩ࠲࡯࠺௝↹4'65#CTTG6
ޕࠆߔߦ߆ࠄ᣿ࠍൻᄌ⊛㑆ⓨ
ᐲ♖ࠄ߆௝↹ᤊⴡ㧘ࠍᏓಽ㑆ⓨᤨߩሶ࿃ႺⅣߥ⊛⴫ઍࠆߌ߅ߦ᳓Ꮉᴡ߿᳓ᶏ࡮
ޕࠆߔ᩺⠨ࠍᴺᚻࠆ߈ߢ಴᛽ߊ⦟
㧦࡞࠺ࡕℂᢙ㧕
ߣߣࠆߔߦ߆ࠄ᣿ߦ⚦⹦ࠍൻᄌ⊛㑆ᤨߩ૏᳓ਅ࿾ߡߞࠃߦቇ⸘⛔⃿࿾㊂ᄌᄙ࡮
ߘࠄ߆᷹⸘࿾⃻㧘߼᳞ࠍᏓಽߩᢙଥ᳓ㅘߡ޿↪ࠍᨆ⸃ࡦ࡚ࠫ࡯ࡃࡦࠗ㧘ߦ߽
ޕࠆߔ⸽ᬌࠍᕈᒰᅷߩ
ಽ‛㋶ߦࠇߎ㧘ߖߐዷㅴࠍࠣࡦ࡝࠺ࡕ㑆ⓨߩㅧ᭴ߩ૕⾰࿾ࠆߔㅪ㑐ߦᕈ᳓ㅘ࡮
ߢᘦ⠨ࠍൻᄌ⊛㑆ᤨ߿ࡦ࡯࠲ࡄߩⴕ⒖⾰‛ߢߣߎࠆߖࠊวߨ㊀ࠍᏪ⾰ᄌ߿Ꮣ
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ޕࠆߔߦ߁ࠃࠆ߈
㧦᷹⸘ᵹ㔚࿾㧙᳇⏛࿾㧕
ߩߢ߹ၞ಴ᵹࠄ߆ၞ㙃ᶩ㧘߼ㅴࠍቯផㅧ᭴ਅ࿾ߩㄝ๟㊁ᐔᧄᾢࠅࠃߦᴺTM࡮
㔚ᐩᶏ㧘ߦࠄߐޕࠆߔߦ߆ࠄ᣿ࠍ㗀ᓇߩ࿷ሽߩጀᢿߦ․㧘ߡ޿߅ߦ♽᳓ਅ࿾
⚦⹦ࠄ߆Ꮣಽ᛫ᛶᲧࠍ〝⚻ߩ᳓ਅ࿾ࠆߔ᳓ḝߦᐩᶏ㧘ߒടㅊࠍ✢᷹ߩᩏត᳇
ࠗߩ࠲࡯࠺ቯ᷹ߦ߼ߚࠆߖߐ਄ะࠍᐲ♖ߩᏓಽ᛫ᛶᲧ㧘ߦ߽ߣߣࠆߔቯផߦ
ޕࠆߔ⦟ᡷࠍᴺᨆ⸃ࡦ࡚ࠫ࡯ࡃࡦ
៤ㅪ⊛ᯏ᦭ߩౝࡊ࡯࡞ࠣⅣᓴ᳓٧
ޕⓥ⎇ห౒ߩߡ޿ߟߦ⽎⃻᳓ḝᐩᶏࠆࠃߦᩏត᳇㔚ߩߢᶏઍ౎࡮ᶏ᣿᦭࡮
ޕࠆߔߦ߆ࠄ᣿ࠍ㗀ᓇߔ߷෸ߦ⾰᳓߇᳓ḝᐩᶏ㧘ߖࠊวߺ⚵ߣ࠲࡯࠺ߩ⾰᳓ 
ߣࠆߔࠣࡦࠫ࡯ࡔࠗߦ⚦⹦ߦࠄߐࠍ〝⚻ߩ᳓ḝᐩᶏ㧘ߡߒടㅊࠍ✢᷹㧘ߚ߹
ޕࠆߔ⦟ᡷࠍᴺᨆ⸃ࡦ࡚ࠫ࡯ࡃࡦࠗߩ࠲࡯࠺㧘ߦ߽ߣ
ޕⓥ⎇ห౒ߡߒ㑐ߦᏓಽ⾰᳓߿Ꮣಽᐲ᷷㕙ᶏߩᶏ᣿᦭࡮
᳓ࠆ߈ߢ಴᛽ߡߞࠃߦℂಣ࠲࡯࠺㧘ߒ⚝ᬌࠍ࠲࡯࠺௝↹ᤊⴡߚߒㆡߦᨆ⸃
ߩߣ࠲࡯࠺᷹ታߩߢၞᶏߣࠇߎޕࠆߔߦ߆ࠄ᣿ࠍൻᄌ⊛㑆ᤨߩߘ߮ࠃ߅㧘⾰
ޕࠆߔ⸛ᬌࠍᕈวᢛ
៤ㅪ⊛ᯏ᦭ߩߣࡊ࡯࡞ࠣⅣᓴ᳓ߣࡊ࡯࡞ࠣࠣࡦ࡝࠲࠾ࡕ‛↢٧
ࠆߥ⇣߇ᘒ⁁⢒↢㧘ߢ⸘శಽߩⷙᣂࠆ߈ߢᓧขࠍ࡞࠻ࠢࡍࠬ኿෻ߦ⊛⛯ㅪ
ଥ㑐ߩߣ࡞࠻ࠢࡍࠬ኿෻ߣᘒ⁁⢒↢ࠄ߆ࠇߎޕࠆ߼ㅴࠍቯ᷹ߩᢱ⹜࡝ࡁߩޘ⒳
⸃࠲࡯࠺ߩ࡞࠻ࠢࡍࠬ኿෻ࠆ߈ߢൻ㊂ቯࠍᘒ⁁⢒↢㧘ߦ߽ߣߣࠆߔߦ߆ࠄ᣿ࠍ
ᐕ ᚑᐔ㧘߇ߚ߈ߡ޿↪ࠍ૕⁁⪲ߪߡߒߣᢱ⹜ߪ᧪ᓥ㧘ߚ߹ޕࠆߔ⊒㐿ࠍᴺᨆ
߽ࠅࠃ૕⁁⪲ߪ╵ᔕࠆߔኻߦዻ㊄㊀ࠄ߆ⓥ⎇ߩࡊ࡯࡞ࠣࠣࡦ࡝࠲࠾ࡕ‛↢ߩᐲ
↢ߩ૕⁁♻㧘ࠄ߆ߣߎࠆ޿ߡࠇߐໂ␜߇ߣߎࠆ޽ߢᗵᢅ߽ࠅࠃ૕⁁⪲ߪ૕⁁♻
ޕࠆߔߦࠄ߆᣿߽ଥ㑐ߩߣ࡞࠻ࠢࡍࠬ኿෻ߣᘒ⁁ℂ

㊂ቯߩ⾰‛ᨴᳪႺⅣ㊂ᓸ㧕&䋨
ㅦㄦࠍࡦࠝࠗ㉄⎣ߩਛ᳓ߦߚᣂߣ⸛ᬌࠆߔ㑐ߦᄢ᜛ߩ㕙↪ᔕߩ520(ߪᐲᐕᰴ࡮
ޕ߁ⴕ߽⊒㐿ߩ೷⌕ๆ⁁⛽❫ࠆߔ⌕ๆߦ
ᬌߡ޿ߟߦ෼࿁ߩ࠻࡞ࡃࠦߩࠄ߆ṗᶧᵺࠆߔ↢⊒ߢ㍰⵾ᑼḨ㋦੝ޔߪᐲᐕ᧪࡮
ޕࠆ޽ߢቯ੍߁ⴕࠍⓥ⎇ࠆߔ㑐ߦൻኂήߣ෼࿁ዻ㊄ߩࠄ߆‛᫈ᑄߩㅪ৻ޔߒ⸛
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๔ႎᨐᚑⓥ⎇ᐲᐕ81ᚑᐔ
ࠣࡦ࡝࠲࠾ࡕ‛↢ߩ⾰‛ᨴᳪႺⅣ㧦ฬ㗴⺖ⓥ⎇
৻⋿ㇱ቟࡮ஜ㊁ർ࡮᡹ኾቇ⑼ၞ㗔ᣂวⶄ࡮⑼ⓥ⎇ቇ⑼ὼ⥄㧦 ฬ᳁࡮ዻᚲ
ᮡ⋡࡮⊛⋡ⓥ⎇ .1
ᮡ⋡࡮⊛⋡ࠆߌ߅ߦᐲᐕ12ޯᐲᐕ51H
ቇൻࠆ߃ਈࠍ㗀ᓇߦ♽ᴲಽౝߦ․ޔߢਛߩ⾰‛ᨴᳪႺⅣࠆߔ࿷ሽߦᶏ߿Ꮉᴡ 
૞ߩ߳‛↢ߔ߷෸߇⾰‛ੂᠣᴲಽౝߩߎޕ߱๭ߣ⾰‛ੂᠣᴲಽౝࠍߣߎߩ⾰‛
ࠬࠪࠣࡦ࡝࠲࠾ࡕߥല᦭ޔ߼ߚ޿ߥ޿ߡࠇߐߦ߆ࠄ᣿ߦߛᧂߪߡ޿ߟߦ᭴ᯏ↪
ੂᠣᴲಽౝޔߪߢⓥ⎇ᧄߢߎߘޕࠆ޽ߢ⁁⃻߇ߩ޿ߥ޿ߡߞ⥋ߪߦ⊒㐿ߩࡓ࠹
ሽߦᶏ߿Ꮉᴡޔߦᤨหߣࠆߔߦ߆ࠄ᣿ࠍࡓ࠭࠾ࠞࡔ㗀ᓇߩ߳‛↢ߔ߷෸߇⾰‛
ޕ߁ⴕࠍ⊒㐿ߩࡓ࠹ࠬࠪࠣࡦ࡝࠲࠾ࡕ‛↢ࠆ߈ߢଔ⹏ࠍ⾰‛ੂᠣᴲಽౝࠆߔ࿷
૞߮෸㗀ᓇߩ߳‛↢ߔ߷෸߇䋩ߤߥ᷷᳓䋨࿃ⷐႺⅣߩᄖએ⾰‛ᨴᳪႺⅣޔߦࠄߐ
࠾ࡕ‛↢ࠆ߈ߢଔ⹏ߦ⊛ว✚ࠍႺⅣࠆߔ⢒↢߇‛↢ޔߒᨆ⸃߽ߡ޿ߟߦ᭴ᯏ↪
ޕߔߑ߼ࠍ⊒㐿ߩࡓ࠹ࠬࠪࠣࡦ࡝࠲
ᮡ⋡࡮⊛⋡ߩᐲᐕ81H
ߟߦࡓ࠭࠾ࠞࡔ㗀ᓇߩ߳‛↢ߔ߷෸߇᷷᳓ߦ․ޔߢਛߩ࿃ⷐႺⅣޔߪᐲᐕᧄ
ߢ㝼↥ᶏࠆߔᕷ↢ߦ䋩͠82-01⚂ߪ᷷᳓䋨ၞጯᴪߩᶏ᣿᦭ޔߪޘᚒޕࠆߔᨆ⸃ߡ޿
⢒㘺ߢ͠81ߦᦼᤨൻಽᕈޔ߇䋩XX䋨㓽⊛વㆮߩ䋩suecavilo syhthcilaraP䋨ࡔ࡜ࡅࠆ޽
ࠍߣߎࠆߔ឵ォᕈߣ߳㓶㧑001ߢߣߎࠆߔ⢒㘺ߢ͠72ޔ߇ࠆߥߦ㓽㧑001ߣࠆߔ
ޔ޿઻ߦ឵ォᕈࠆࠃߦ⢒㘺᷷᳓㜞ޔߦࠄߐޕ䋩9991 ,.la te onatiK䋨ࠆ޿ߡߒߦ߆ࠄ᣿
ߎࠆࠇߐ೙ᛥߦ⊛⇣․ޔ߇⃻⊒ߩሶવㆮ䋩⚛㉂ᚑวࡦࠥࡠ࠻ࠬࠛ䋨࠯࡯࠲ࡑࡠࠕ
⃻⊒ߩሶવㆮ࠯࡯࠲ࡑࡠࠕߩߎޔߢߎߘޕ㧕0002 ,.la te onatiK䋨ࠆ޿ߡߞ߆ಽ߇ߣ
ޕ߁ⴕߦਥࠍᨆ⸃ߩ᭴ᯏᓮ೙
࠼ࡦࠟ࡝ޔߡߒߣ࡞࠺ࡕࠍ㘃↢ਔߡ޿ߟߦ᭴ᯏߩࠬࠪ࡯࠻ࡐࠕࠆߌ߅ߦᎽ♖
ࠊવ߇࡞࠽ࠣࠪߦ߁ࠃߩߤߢౝ⢩⚦ޔ߆ࠆߔൻᕈᵴࠍ૕ኈฃߡߒߦ߁ࠃߩߤ߇
‛ᕈᲥႺⅣޔߚ߹ޕࠆߴ⺞ߡ޿ߟߦޔ߆ߩ߽ߥ߁ࠃߩߤߪ⒟ㆊⴕታߩᱫޔ߆ࠆ
ޕࠆߴ⺞ߡ޿↪ࠍ♽㙃ၭᎽ♖㘃↢ਔࠍ㗀ᓇࠆߔኻߦᚑᒻሶ♖ߩ⾰
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ᨐᚑⓥ⎇ߩᐲᐕ81ᚑᐔ .2
᭴ᯏሶಽࠆߔ឵ォᕈߣ߳㓶߇䋩XX䋨㓽⊛વㆮޔࠅࠃߦ⢒㘺᷷᳓㜞㩷䋩1䋨
ࡑࡠࠕޔ߼ߚࠆᓧࠍ⵬୥ߩሶ࿃ࠆߔ▵⺞ࠍ⃻⊒ߩሶવㆮ࠯࡯࠲ࡑࡠࠕࡔ࡜ࡅ 
 PMAc ߣ etis gnidnib 2lxoFޔࠈߎߣߚߴ⺞ࠍ೉㈩ၮႮߩၞᵹ਄’5 ߩሶવㆮ࠯࡯࠲
ࠍ ERC ߮෸ 2lxoF ሶ࿃౮ォޔࠄ߆ߣߎߩߎޕߚߒ⹺⏕ࠍ䋩ERC䋨 tnemele esnopser
ߦ⃻⊒ߩ࠯࡯࠲ࡑࡠࠕޔ߇ࡦࡕ࡞ࡎỗೝ⣼ᱺ↢ߟᜬࠍ〝⚻㆐વ࡞࠽ࠣࠪࠆߔ੺
ޕߚࠇࠄߍ᜼ߡߒߣ⵬୥ߩሶ࿃ߔߛ߈ዉࠍᏅᕈ
ANRmߩߘޔߒቯ᳿ࠍ೉㈩ၮႮ߻฽ࠍၞ㗔⸶⠡ోߩANDc 2lxoFࡔ࡜ࡅޔߢߎߘ 
⃻⊒ߩߘޔᨐ⚿ߚߒᨆ⸃ࠅࠃߦnoitazidirbyh utis ni߮෸RCP-TRࠍࡦ࡯࠲ࡄ⃻⊒ߩ
ࠗ࠮࠶ࠕ࠻ࡈࠪ࡞ ࠥޔߚ߹ޕߚ޿ߡߒ⥌৻ߊࠃߣANRm࠯࡯࠲ࡑࡠࠕߪࡦ࡯࠲ࡄ
ߩౝၞ㗔࡯࠲࡯ࡕࡠࡊ࠯࡯࠲ࡑࡠࠕޔߪ2lxoFޔࠅࠃߦࠗ࠮࠶ࠕ࡯࠲࡯ࡐ࡟߮෸
᣿߇ߣߎࠆߖߐ᣹਄ࠍᕈᵴ౮ォߩ࠯࡯࠲ࡑࡠࠕޔߒว⚿ធ⋥ߦetis gnidnib 2lxoF
ޕߚߞߥߣ߆ࠄ
䋩૕ኈฃ HLޔ૕ኈฃ HSF䋨૕ኈฃߩߘ߮෸䋩HL ,HSF䋨ࡦࡕ࡞ࡎỗೝ⣼ᱺ↢ޔߦᰴ 
ߪ⃻⊒ߩ ANRm ૕ኈฃ HLޔHLޔHSFޔᨐ⚿ߚߴ⺞ߢ RCP-TR ࠍ⃻⊒ߩ ANRm
ߚߒ⢒㘺ߢ䋩͠72䋨ᐲ᷷ൻ㓶ޔߪ⃻⊒ߩ ANRm ૕ኈฃ HSFޔ߇ߚࠇߐ಴ᬌߢ㓶㓽
ࠍ♽㙃ၭ⣼ᱺ↢ࡔ࡜ࡅߚ޿↪ࠍ࿾ၭᷡⴊήޔߚ߹ޕߚ޿ߡࠇߐ೙ᛥߺߩߢ૕୘
͠81 ߡߒਈᛩࠍ HLr ߪߚ߹䋩HSFr䋨HSF ࠻ࡦ࠽ࡆࡦࠦ࡝ߦ♽ߩߎޔߒ⊒㐿ߡ߼ೋ
ANRm ࠯࡯࠲ࡑࡠࠕߺߩߢ඙㛎⹜ߚߒਈᛩࠍ HSFrޔᨐ⚿ߚߒ㙃ၭߢ͠72 ߪߚ߹
⃻⊒ߩሶવㆮ࠯࡯࠲ࡑࡠࠕࠆߌ߅ߦᦼᤨൻಽᕈޔࠄ߆ߣߎߚࠇߐᜬ⛽߇⃻⊒ߩ
ޕߚࠇߐໂ␜߇੐ࠆ޿ߡߒਈ㑐߇ࠣࡦ࡝࠽ࠣࠪ HSFޔߦᓮ೙
ޔ߼ߚࠆߔ᣿⸃ࠍ߆߁ߤ߆ߩࠆ޿ߡ߃ਈࠍ㗀ᓇޔធ⋥ߦ⣼ᱺ↢߇ᐲ᷷ޔߦࠄߐ 
ࠕߢ૕୘ߩߡߴߔޔᨐ⚿ߚߒ㙃ၭࠍ⣼ᱺ↢ߩ૕୘ XX ࡔ࡜ࡅߢ͠72 ߪߚ߹͠81
SIM ࠆ޽ߢ࡯ࠞ࡯ࡑߩൻ㓶ޔࠇߐ಴ᬌ߇⃻⊒ߩ ANRm ૕ኈฃ HSFޔ࠯࡯࠲ࡑࡠ
ߎޕߚࠇࠄ߃⠨ߣ޿ߥ޿ߡߒൻ㓶ޔࠄ߆ߣߎߚߞ߆ߥࠇߐ಴ᬌ߇⃻⊒ߩ ANRm
ᱺ↢ޔߊߥߪߢߌࠊࠆ޿ߡ߃ਈࠍ㗀ᓇޔធ⋥ߦ⣼ᱺ↢ߪᐲ᷷ޔࠄ߆ߣߎߩࠄࠇ
ޕߚࠇࠄ߃⠨ߣ߆޿ߥߪߢߩࠆ޿ߡࠇࠄ߃વߦౝ⣼ᱺ↢ߡߒ੺ࠍሶ࿃ߩᄖએ⣼
ࠬࠪ࡯࠻ࡐࠕࠆࠃߦࡦ࠴ࠢ࡜ࡠࡊࠆߌ߅ߦᎽ♖࡝ࡕࠗ䋩2䋨
ߟ଻ࠍᕈᏱᕡߩ❱⚵ޔ߈㒰ࠅขࠍ⢩⚦ߥⷐਇߡߞߣߦ૕↢ޔߪࠬࠪ࡯࠻ࡐࠕ 
ߎߊ௛ߡߒߣ᭴ᯏⴡ㒐Ꮖ⥄ߩ߼ߚߊ㒰ࠅขࠍ⢩⚦ߥኂ᦭ߚ߹ޔߡߒߣജߩ߼ߚ
↢↥ߪᱫ⢩⚦ᱺ↢ޔ߽ߡ޿߅ߦ⒟ㆊᚑᒻሶ♖ߥᏱᱜޕࠆ޿ߡࠇࠄ߼⹺ߊᐢ߇ߣ
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⚦ߡߞࠃߦሶ࿃ႺⅣߚ߹ޕߔߚᨐࠍഀᓎߥ੐ᄢߦߩࠆߔቯ᳿ࠍᢙߩሶ♖ࠆࠇߐ
⚦Უ♖ߣࠆߥߦ⑺ࠆ߇ਅ߇ᐲ᷷ޔ߽ߡ޿߅ߦ࡝ࡕࠗޕࠆ޽߽ߣߎࠆߎ⿠߇ᱫ⢩
ᚑᒻሶ♖ࠆࠃߦሶ࿃ႺⅣޔߪޘᚒޕߚ޿ߡࠇࠄ⍮߇ߣߎࠆߥߊߥࠇߐᚑᒻ߇⢩
ߚߴ⺞ࠍ࿃ේߩᱫ⢩⚦ߩ⢩⚦ේ♖࡝ࡕࠗࠆࠃߦ᷷ૐޔߦ߼ߚࠆߴ⺞ࠍ㗀ᓇߩ߳
ߚߒ᣿⸽ࠍߣߎࠆࠃߦ᣹਄ߩᐲỚ䋩LRP䋨ࡦ࠴ࠢ࡜ࡠࡊਛⴊ߇ᱫ⢩⚦ߩߘޔᨐ⚿
⚦ේ♖ߩ೨⋥ᆎ㐿ⵚಽᢙᷫߣࠆߔ኿ᵈࠍ LRP ߦ⣧⣻࡝ࡕࠗޕ䋩9991 ,.la te awazaY䋨
 awazaY䋨ߚߒ᣿⸽ࠍߣߎࠆ޽ߢࠬࠪ࡯࠻ࡐࠕߪᱫ⢩⚦ߩߎޔࠅߎ⿠߇ᱫ⢩⚦ߦ⢩
ߪ LRPޔࠄ߆ߣߎࠆߎ⿠߇ࠬࠪ࡯࠻ࡐࠕߦ᭽ห߽ߢ♽㙃ၭቭེߚ߹ޕ䋩0002 ,.la te
ޕߚࠇߐ␜߽ߣߎࠆߔ↪૞ធ⋥ߦᎽ♖
૕ኈฃࡦ࠴ࠢ࡜ࡠࡊ࡝ࡕࠗ
࠻ࠗࠨࠆߔ᦭ࠍၮᱷࡦࠪࡠ࠴ߩᢙⶄߦࡦࠗࡔ࠼ౝ⢩⚦ߪ䋩RLRP䋨૕ኈฃ LRP
ࠅࠃߦ࠼࡯ࠤࠬࠞ⚛㉂ൻ㉄ࡦ࡝ࡦࠪࡠ࠴ߩߤߥ〝⚻ TATS-KAJޔߢ૕ኈฃࡦࠗࠞ
mrof gnol ߩ RLRP ߡ޿߅ߦ⒳‛↢ߩߊᄙߦ⊛⥸৻ޕࠆߔ㆐વࠍ࡞࠽ࠣࠪߩ LRP
ࡔ࠼ౝ⢩⚦ࠅࠃߦࠣࡦࠪࠗ࡜ࡊࠬ⊛ᛯㆬߪߢ㘃੃ູޔ߇ࠆߔ࿷ሽ߇䋩L-RLRP䋨
ޕࠆ޽߇๔ႎ߁޿ߣࠆߔ࿷ሽ߽䋩S-RLRP䋨mrof trohs ࠆߥ⇣߇೉㈩ߣߐ㐳ߩࡦࠗ
ߚߒ㔌නࠍ ANDc ಽㇱౝ⢩⚦ߩ S-RLRP ߡ߃ടߦ ANDc L-RLRP ࡝ࡕࠗߪޘᚒ
࡙޿ߥߚᜬࠍၮᱷࡦࠪࡠ࠴ߦࡦࠗࡔ࠼ౝ⢩⚦ޔߪࠇߘޕ䋩noitaraperp ni ,.la te otE䋨
࠮ޔ߇ᣇਔߩ ANRm S-ޔL-RLRP ߪߢ⢩⚦ᱺ↢ߚ߹ޕߚߞ޽ߢࡊࠗ࠲ߥࠢ࡯࠾
ࠢࡄࡦ࠲ߩ RLRPޔߢߎߘޕߚ޿ߡߒ⃻⊒߇ߺߩ ANRm S-RLRP ߪߢ⢩⚦࡝࠻࡞
૕᛫ߚߒߣේ᛫ࠍ૕ోࡦࠗࡔ࠼ᄖ⢩⚦ߩ RLRPޔߦ߼ߚ߁ⴕࠍᨆ⸃ߩߢ࡞ࡌ࡟⾰
RLRP ߩߣߏ⢩⚦࡝࠻࡞࠮ޔ⢩⚦ᱺ↢㧕㧝ޕߚߒߦ߆ࠄ᣿ࠍߣߎߩਅએޔߒ⵾૞ࠍ
ޔ߇ࠆߔ⃻⊒ߦ౒ S-ޔL-RLRP ߪߦ⢩⚦ᱺ↢ޔᨐ⚿ߚߴ⺞ࠍ⃻⊒ߩࡓ࡯ࠜࡈ࠰ࠗࠕ
ߚ߃ടࠍ LRP ߦ㙃ၭቭེ㧕㧞ޕߚ޿ߡߒ⃻⊒߇ߺߩ S-RLRP ߪߦ⢩⚦࡝࠻࡞࠮
ߡߒടᷝࠍ LRP ߦߺߩ⢩⚦ᱺ↢ޔ߇ߚߒଦࠍ᣹਄ߩൻ㉄ࡦ࡝ߩ L-RLRP ߪว႐
วᷙࠍ⢩⚦࡝࠻࡞࠮ߣ⢩⚦ᱺ↢㧕㧟ޕߚߞ߆ߥࠄߎ⿠ߪൻ㉄ࡦ࡝ߩ L-RLRP ߽
ޔ߇ࠆߎ⿠߇ࠬࠪ࡯࠻ࡐࠕߦ⢩⚦ᱺ↢ߣࠆߔടᷝࠍ LRP ޿ⴕࠍ㙃ၭ㓸ಝౣߡߒ
ߚߞ߆ߥࠄߎ⿠ߪࠬࠪ࡯࠻ࡐࠕ߽ߡ߃ടࠍ LRP ߦ㙃ၭ㓸ಝౣߩߺߩ⢩⚦ᱺ↢
⢩⚦࡝࠻࡞࠮ߡߒ੺ࠍ S-RLRP ߪ࡞࠽ࠣࠪߩ LRPޔࠄ߆ߣߎߩࠄࠇߎޕ㧕㧝࿑㧔
ޔߣߎߔߎ⿠߈ᒁࠍൻ㉄ࡦ࡝ߩ L-RLRP ࠆ޿ߡߒ⃻⊒ߦ⢩⚦ᱺ↢ޔߒൻᕈᵴࠍ
߃વߣ߳⢩⚦ᱺ↢ߡߒ੺ࠍ⢩⚦࡝࠻࡞࠮ߪ࡞࠽ࠣࠪࠬࠪ࡯࠻ࡐࠕߩ LRPޔߚ߹
ޕ䋩noitaraperp ni ,.la te otE䋨ߚࠇߐໂ␜߇ߣߎࠆࠇࠄ
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ഀᓎߩ 09psH ࠆߌ߅ߦࠬࠪ࡯࠻ࡐࠕࠆࠃߦࡦ࠴ࠢ࡜ࡠࡊ
⚦ේ♖㧔Ꮍ♖࡝ࡕࠗޔ߼ߚࠆតࠍሶ࿃ࠆࠇߐൻᕈᵴࠅࠃߦỗೝ LRPޔߪޘᚒ 
࠴ᓟߚߒടᷝࠍ LRP ߦ㙃ၭቭེߩ㧕߻฽ࠍࠫ࡯࠹ࠬ⢩⚦Უ♖ᦼೋߣࠫ࡯࠹ࠬ⢩
ࡄࡦ࠲ߩ aDk09 ߦౝએ㑆ᤨᢙޔᨐ⚿ߚߴ⺞ࠍ⾰ࠢࡄࡦ࠲ࠆࠇߐൻ㉄ࡦ࡝ࡦࠪࡠ
ࡒࠕߥ⊛ಽㇱߡߒ⵾♖ࠍ 09p ߩߎޕߚߞ߆ಽ߇ߣߎࠆࠇߐൻ㉄ࡦ࡝߇䋩09p䋨⾰ࠢ
ߺ⚵ޔߒ㔌නࠍ ANDcޕߚߒ᣿್߇ߣߎࠆ޽ߢ b09psHޔᨐ⚿ߚߴ⺞ࠍ೉㈩㉄ࡁ
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㉄㧘ߪߡ޿ߟߦ࿃ේߩᱫ㊂ᄢ㧚ࠆ޿ߡ޿⛯߇Ṫભࠅࠃᐕ 9991 ߪߢ⋵ᧄᾢ࡮ጟ⑔
ߡࠇߐ಴߇⺑ߥࠈ޿ࠈ޿ߤߥടჇߩ⠪㘩᝝㧘ൻᵆߩ⾰ᐩ㧘౉ᵹߩ⾰‛ኂ᦭㧘ᰳ
ߩᱫ㊂ᄢࠡ࡜ࠗ࠲ࠆߌ߅ߦᶏ᣿᦭ 㧚޿ߥ޿ߡ߈ߢቯ․㧘ࠈߎߣߩ࿷⃻㧘߇ࠆ޿
ߡߒ⛯⛮ࠍⓥ⎇ࠆߔ㑐ߦో଻Ḯ⾗ߚߒᆎ㐿ߦᐕ 0002㧘߼ߚࠆߔߦ߆ࠄ᣿ࠍ࿃ේ
㧚ߚߞⴕ
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ߢ߹ᤐ㧘㧕㧞㨙㧛૕୘ 008 ᄢᦨ㧔ߊᄙߪ⌕ቯߩࠡ࡜ࠗ࠲ߪߢᶏᵻ㧘ᨐ⚿ߩᩏ⺞ 
߹⑺㧘ߒṌᱫߦᔃਛࠍᄐ㧘㧕ᐲ⒟ mc01 㐳Ზߢὐᤨߩ᦬ 4㧔߇ߚߒ㐳ᚑߦ⺞㗅ߪ
㧘㧕㧞㨙㧛૕୘ 05㨪3㧔߇ߚߞ߆ߥዋߪ⌕ቯ㧘ߪߢẟᐓ㧘ᣇ৻㧚㧕⴫㧔ߚߒṌోߦߢ
߹ᱛ߇㐳ᚑߣࠆߥߦᄐ㧘ߪߢᶏᵻߚ߈⿠߇ᱫ㊂ᄢ㧚ߚߞ߆ߥࠇߐኤⷰߪᱫ㊂ᄢ
ᄢ⢈߽⣼ᱺ↢㧘ߊࠃ߽ᦨ߇㐳ᚑߩᄐߪߢẟᐓ㧘ᣇ৻㧚ߚߞ߆ߐዊ߽⣼ᱺ↢㧘ࠅ
␜߇ߣߎࠆࠃߦൻᖡߩႺⅣᕷ↢㧘ߪᱫ㊂ᄢߩࠡ࡜ࠗ࠲㧘ࠅࠃᨐ⚿ߩ਄એ㧚ߚߒ
߽ൻᥦ᷷ߪߦࠇߎ㧘ߊߒࠊ⇼߽ᦨ߇↢⊒ߩ႙᳓⚛㉄⽺㧘ߪߦ⊛૕ౕ㧚ߚࠇߐໂ
ߘ㧘ࠅࠃߣߎࠆ޽߽ᚲ႐ߚ߈⿠߇ᱫ㊂ᄢߦ㒠એ⑺㧘߇ࠆࠇࠊᕁߣࠆ޿ߡߒ㗀ᓇ
㧚ࠆ޽ߢⷐᔅ߽⸛ᬌߩߡ޿ߟߦ㧕ߤߥⓍၸߩ⾰‛ኂ᦭㧘߫߃଀㧔࿃ⷐߩᄖએࠇ
࡝ࠣࡑࡂ .b
⾗ߤࠎߣ߶ߣ㧕⋵ጟ⑔㧔ḧ㉿Ꮣടࠆ޿ߡࠇࠊⴕ߇ℂ▤Ḯ⾗ߥᩰ෩ߩ࡝ࠣࡑࡂ 
ߦ⋵ᧄᾢ㧘ߡߒㅢࠍᩏ⺞セᲧߩߢ㧕Ꮢᧄᾢ㧔ญᴡᎹ⊕޿ߥ޿ߡࠇࠊⴕ߇ℂ▤Ḯ
Ⴆ⽴ߩઍᤨᢥ✽㧘ߪ࡝ࠣࡑࡂ㧚ߚߞⴕࠍ⊒㐿ߩⴚᛛℂ▤Ḯ⾗ߩ࡝ࠣࡑࡂࠆߌ߅
ᨎੑߓหߡ޿߅ߦẟᐓ⾰⍾ߩ࿖ోߪߢ߹ㄭᦨ㧘ߢ㘃⽴ࠆߔ಴↥ߦㅢ᥉߽ᦨࠄ߆
₪Ṫߢၞ࿾ߩߊᄙࠅࠃ㗃ᐕ0891㧘ߒ߆ߒ㧚ߚߞ޽ߢ⒳භఝߦ౒ߣࠠࡈࠝࠪߩ⽴
⾰⍾ߪ࡝ࠣࡑࡂ㧚ࠆ޿ߡࠇߐቯᜰ߃ߐߦ⒳ᗋෂṌ⛘ߪߢ⋵ߩߊᄙ㧘ߒᷫỗ߇㊂
߁ⴕࠍༀᡷ⾰ᐩࠅࠃߦੂᠣ‛↢㧘ߚ߹㧘ࠅ޽ߢ⒳ࠆߥߣ⋚ၮߩ㎮ㅪ‛㘩ߩẟᐓ
߿ᕈ᭽ᄙ‛↢㧘ߊߥߢߌߛ⟵ᗧߩ਄↥᳓ߦන㧘ߪᓳ࿁ߩ㊂Ḯ⾗㧘ߢߩࠆ޽ߢ⒳
㧚߁ࠈ޽ߢࠆ޽߇⟵ᗧ߽ߢ਄ࠆߔༀᡷࠍႺⅣẟᐓ
਄એmc3㐳Ზ㧘ߪߢญᴡᎹ⊕޿ߥ޿ߡࠇࠊⴕߤࠎߣ߶߇ℂ▤Ḯ⾗㧘ᨐ⚿ߩᩏ⺞ 
ᐲ⒟1ߩಽ04ߩ㉿Ꮣടߪߡߞ⥋ߦ਄એmc5㐳Ზ㧘ߕࠇࠄ⷗ߤࠎߣ߶߇࡝ࠣࡑࡂߩ
ࡑࡂߩḩᧂmc3㐳Ზ㧘ߊߥߪߊߥዋߪ⽴⒩㧘ߒ߆ߒ㧚㧕1⴫㧔ߚߞ߆ߥ߆ߒᐲኒߩ
⚂㧔ߚߞ޽ߢট㧛૕୘811ߪߢ㧕ၞᶏ㧔ญᴡᎹ⊕㧘ট㧛૕୘271ߪߢ㉿Ꮣടߪ࡝ࠣ
₪Ṫ㧘ࠅ߅ߡࠇࠊⴕߦಽචߪ⛎ଏߩ⽴⒩㧘߽ߢญᴡᎹ⊕㧘ߪߣߎߩߎ㧚㧕2ߩಽ3
ߒໂ␜ࠍߣߎࠆߔടჇ߽࡝ࠣࡑࡂߩဳᄢ㧘ߒᓳ࿁߇Ḯ⾗ߦಽච߫߃ⴕ߃ߐℂ▤
㧚ࠆ޿ߡ
ᕈⷐ㊀ߩ࿾⍾ߩౝᎹᴡߦ․㧘࿾⍾㧘ߡߒߣᚲ႐ᐩ⌕ߩ⽴⒩ߩ࡝ࠣࡑࡂ㧘ߚ߹ 
ၞᶏߦ౒ߣ㐳ᚑ㧘ߒᐩ⌕ߦౝᎹᴡ߇⽴⒩ߩߊᄙߪߢ㉿Ꮣട㧚ߚߞߥߦ߆ࠄ᣿߇
ዋᷫ߇࡝ࠣࡑࡂߩౝᎹᴡߦᓟߩ㔎ᄢߩቄᄐ㧘߽ߢญᴡᎹ⊕㧚㧕2࿑㧔ߚߒേ⒖ߦ
ߩ࡝ࠣࡑࡂߩ߳ၞᶏࠄ߆Ꮉᴡ㧘ߪࠇߎ㧘߇ߚߒടჇ߇࡝ࠣࡑࡂߩၞᶏߦㅒ㧘ߒ
࿾⍾ߩౝᎹᴡߦ․㧘࿾⍾㧘ߪታ੐ߩࠄࠇߎ㧚ࠆࠇࠄ߃⠨ߣࠆ޽ߢേ⒖ߥ⊛േฃ
࡝ࠣࡑࡂ㧚ࠆ޿ߡߒໂ␜ࠍߣߎࠆߔ⚿⋥ߦṌუߩḮ⾗࡝ࠣࡑࡂ߇ൻᖡߩႺⅣߩ
߇ዋᷫߩ㊂⍾ਅᵹࠆࠃߦ⸳ᑪࡓ࠳㒐⍾߿ขណ೑⍾ߩౝᎹᴡ㧘ߡߒߣ࿃ේߩᷫỗ
㧚ࠆ޿ߡߒᜬᡰࠍࠇߘ߽ᨐ⚿ߩⓥ⎇ᧄ㧘߇ࠆ޿ߡࠇߐ៰ᜰ
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ࠆߌ߅ߦ㧕ၞᶏ㧔ญᴡᎹ⊕ߣ㉿Ꮣട 1⴫
㧕᦬8ᐕ6002㧔セᲧߩᐲኒߩ࡝ࠣࡑࡂ
㧘ߊߥߢߌߛីᛠߩᴫ⁁ᕷ᫮߿ผᵴ↢ߩ⒳⽎ኻ㧘ߪߦℂ▤ߩḮ⾗↥᳓㧘߅ߥ
ᧄᾢ࡮⋵ᧄᾢ㧘ߪᓟ੹㧚ࠆ޽ߢⷐᔅ߇ߤߥቯ೙ߩ೙ⷙ₪Ṫ߿ᚑᒻᗧวߩ⠪ᬺṪ
දࠆߔ㑐ߦో଻Ḯ⾗߿᣿⺑ߩᨐ⚿ⓥ⎇㧘߽ߡߒኻߦදṪ࡮ㅪṪ㧘ߊߥߢߌߛᏒ
㧚޿ߚߒߦ߁ࠃࠆ߃ⴕࠍ⸒ឭ╷᡽ߥല᦭ߩ߼ߚߩో଻Ḯ⾗ߩ࡝ࠣࡑࡂ㧘ߨ㊀ࠍ⼏
⊒㐿ߣἴ㒐ߚߒ๺⺞ߦႺⅣԚ
଻ࠍႺⅣߩ࿾ḨᕈႮࠆ޿ߡߒᷫỗߦ⊛࿖ో㧘ߪߢ┙⏕ߩⴚᛛࡦ࡚ࠪ࡯ࠥ࠴ࡒ 
ⴕࠍࠣࡦ࡝࠲࠾ࡕߣᬀ⒖ߩ‛ᬀ↢ႮࠆߔṌᶖߡߞࠃߦ㒐ႇጯ⼔㧘ߦ߼ߚࠆߔో
ഃࠍ࿾ḨᕈႮߥߚᣂߦ࿾┙ၒࠆ޿ߡࠇߐ↹⸘࿷⃻㧘ߦ೎ߪߣࠇߘ㧘ߚ߹㧚ߚߞ
㧚ߚߒᚑ૞ࠍ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒࠆߔ↢
ᔕㆡߦൻᄌߩಽႮߥỗᕆ㧘ߢႺⅣࠆߔ┙ᚑߦㇱ਄ᦨẟᐓ߿ጯᴡ㧘ߪ࿾ḨᕈႮ 
ࡑࡂ࡮࠼ࠢࡈ࡮࡛ࠪ㧘ߪߢ⋵ᧄᾢ㧘߫߃଀㧚ࠆ޿ߡߒ┙ᚑ߇⋧‛↢ߩ᦭․ߚߒ
ࠝࠪ࡮㘃ࠗࠟࡒࡒࠞࠝ࡮㘃࡝࠲࠽ࡋ㧘߿‛ᬀ↢Ⴎ޿ᒝߩᕈႮ⠴ߚߞ޿ߣ࠽࠷ࡑ
࿤ᵴ↢ߩ㑆ੱߪ࿾ḨᕈႮ㧘ߒߛߚ㧚ࠆ޿ߡߒᕷ᫮⢒↢߇‛േ↢ᐩߩߤߥࠠࡀࡑ
޿ࠆ޽Ṍᶖ߇ߊᄙߩߘ㧘ߌฃߊᒝࠍ㗀ᓇߩᵴ↢㑆ੱ㧘߼ߚࠆߔ┙ᚑߡߒធ㓞ߦ
㧘߇ߊᄙߩ‛േ↢ᐩ߿‛ᬀ↢Ⴎߩ࿾ḨᕈႮ㧘ᨐ⚿ߩߘ㧘ߡߒߘ㧚ࠆ޿ߡߒൻᖡߪ
㧚ࠆ޿ߡߒἄߦᯏෂߩṌ⛘ߪ޿ࠆ޽㧘Ṍ⛘
ጯർᶏઍ౎㧚ߚߞⴕߢේ᩵ߩጯർᶏઍ౎㧘ߪࠣࡦ࡝࠲࠾ࡕߣᬀ⒖ߩ‛ᬀ↢Ⴎ 
⋓߇⸳Ⴧߩ㐷᳓߿੐Ꮏୃᡷጯ⼔㧘㒠એኂἴầ㜞ࠆࠃߦภ81㘑บߩᐕ9991㧘ߪߢ
㧚ࠆ޿ߡ޿⛯߇ൻᖡ࡮ᄬᶖߩẟᐓߩㄝ๟߿࿾ḨᕈႮ㧘ࠅߥߦ߁ࠃࠆࠇࠊⴕߦࠎ
ㇱᳯࠅ౉㧚㧕3࿑㧔ߚߞⴕߢᚲࠞ2ߩㇱጯᶏߣㇱᳯࠅ౉ߩේ᩵㧘ߪᬀ⒖ߩ‛ᬀ↢Ⴎ
Ꮣಽߩ⽴Ꮞߩㄝ๟ߣ㐳ᚑߩ࡛ࠪߩᓟߩߘ㧘ߒᬀ⒖ࠍ࡛ࠪߡ߃ᄌࠍ㜞⋚࿾㧘ߪߢ
ߒ㐳ᚑߪ࡛ࠪߪߢᚲ႐޿ૐߡߴᲧߦ↢ᬀὼ⥄߇㜞⋚࿾㧘ᨐ⚿ߩߘ㧚ߚߒ〔ㅊࠍ
߇ㇱ਄࿾߃޿ߪߣ⊛ᤨ৻ߣࠆߔᬀ⒖ߦቄᄐ㧘ߚ߹㧚ߚߞ߆ૐ߇ᐲኒ㧘ߩߩ߽ߚ
ߩ⟲⚖ᐕᐕ 5002 ࠆߌ߅ߦ᦬ 9ޯ2 ᐕ 6002 2 ࿑
㧕ট㧛1㧔ᐲኒ
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޽ߢⷐ㊀߇㜞⋚࿾ߣᦼᤨᬀ⒖㧘ߪߦᬀ⒖ߩ‛ᬀ↢Ⴎ㧘ࠅࠃߣߎߩߎ㧚ߚߒᱫᨗ
㧘ࠇࠄ⷗ߊᄙ߽㘃⽴ߩߤߥ࡝࠲࠽ࡋࡑࠪߪߢ࿾ᬀ⒖㧘߅ߥ㧚ߚߞ߆ࠊ߇ߣߎࠆ
㊀߽ߡߞߣߦో଻ߩ‛േ↢ᐩࠆߔߣᚲ႐ᕷ↢ࠍߎߘߦᤨห㧘ߪᬀ⒖ߩ‛ᬀ↢Ⴎ
㧚ߚߞ߆ࠊ߇ߣߎࠆ޽ߢⷐ
࿑㧔ߚߒᬀ⒖ࠍ࠽࠷ࡑࡑࡂ࡮ࠫࠨࡑࡂ࡮ࡃࠪ࠾ࠝࡁࡒࠟ࠽㧘ߪߢㇱጯᶏߩේ᩵ 
ߦ╬ầ㜞ߩภ31㘑บߩᐕ6002㧘߇ߚ޿ߡߒ⢒↢ߦ⺞㗅ߪ‛ᬀ↢Ⴎ㧘ᓟᬀ⒖㧚㧕4
ߒᱫᨗ߇ࡃࠪ࠾ࠝࡁࡒࠟ࠽ߩㇱ৻㧘ᄬᵹ߇࠽࠷ࡑࡑࡂ࡮ࠫࠨࡑࡂߩಽㇱᄢࠅࠃ
ߤߥ㘑บ㧘ߪߦ↢ഃߩ࿾ḨᕈႮߩߢㇱጯᶏ㧘ࠅߥ⇣ߣㇱ౉᳤㧘ߦ߁ࠃߩߎ㧚ߚ
㧚ߚߞߥߦ߆ࠄ᣿߇ߣߎࠆ޽ߢᰳนਇ߇߃஻ࠆߔኻߦ࠻ࡦࡌࠗߩ
ߞⴕߢጯᶏደႮߩᏒᧄᾢ㧘ߪᚑ૞ߩ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒࠆߌ߅ߦ࿾┙ၒ㧘ᣇ৻ 
ߡߒṌᶖࠅࠃߦߡ┙߼ၒߩ෰ㆊ߇࿾ḨᕈႮߥ߆⼾ߩ⋧‛↢㧘ߪߢጯᶏደႮ㧚ߚ
㧘ߊߥߪߢࡦ࡚ࠪ࡯ࠥ࠴ࡒࠆࠃߦᬀ⒖ߩ‛↢㧘ߪߢጯᶏደႮ㧘ߡߞ߇ߚߒ㧚ࠆ޿
߆ߩࠆߊߡߒ౉⒖߇‛േ↢ᐩ߿‛ᬀ↢Ⴎߥ߁ࠃߩߤ㧘߫ࠇഃࠍ࿾Ḩߥ߁ࠃߩߤ
ߡߨ㊀ࠍ⦟ᡷᓟ੹㧘ߢᚑቢᧂߪ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒ㧘ߛ߹㧚ߚߒ੍᷹ߡߞ߽೨ࠍ
ࡦࡔࠬ࠮ࠕ߿⋵ᧄᾢߩ⠪ᬺ੐߽ᓟ੹㧚㧕5࿑㧔ࠆ޽ߢ㓏Ბ޿ߥࠄߥߪߡߊߥ߆ⴕ
ࠥ࠴ࡒߥല᦭㧘߼ㅴࠍ⼏ද࡮ⓥ⎇ߣ⊒㐿ⴚᛛᧄᣣ⷏㧕ᩣ㧔ࠆ޿ߡࠇߐ⸤ᆔࠍ࠻
㧘ߦ߼ߚࠆߔᚑ૞ࠍ᩺ࡦ࡚ࠪ࡯ࠥ࠴ࡒ޿ࠃࠅࠃ㧘ߚ߹㧚޿ߚߒᚑቢࠍ᩺ࡦ࡚ࠪ࡯
ḨᕈႮߚࠇࠊⴕߢ࿾ฦߦ෰ㆊ㧘߿ᩏ⺞⋧‛↢ࠆߌ߅ߦ࿾ḨᕈႮߩㄝ๟ጯᶏደႮ
㧚޿ߚ޿ⴕ߽ߤߥᩏ⺞଀੐ߩ↢ഃ࿾
ᕈႮࠆߌ߅ߦ㧕౉᳤㧔ᳯࠅ౉ߩේ᩵ 3࿑
↢ഃߩ࿾Ḩ
↢ഃߩ࿾ḨᕈႮࠆߌ߅ߦㇱጯᶏߩේ᩵ 4࿑
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࿑5 Ⴎደᶏጯࡒ࠴ࠥ࡯࡚ࠪࡦ᩺
2. ᚑᨐߩ㆐ᚑᐲ
 ฦࡊࡠࠫࠚࠢ࠻ߪ㗅⺞ߦㅴዷߒߡ߅ࠅ㧘⎇ⓥ⋡ᮡߪචಽ㆐ᚑߢ߈ߚߣ⠨߃ࠆ㧚
3. ੹ᐕᐲߩ໧㗴ߥߤ
 ᣂⷙߩ⎇ⓥ㧔․ߦ㊁ᄖ⺞ᩏ㧕߇ᄙߊ㧘⺰ᢥၫ╩ߦ㓸ਛߢ߈ߥ߆ߞߚ㧚
4. ᧪ᐕᐲߩ⋡⊛࡮⋡ᮡ
 ᡽╷ഃㅧ⎇ⓥ࠮ࡦ࠲࡯࡮ࡊࡠࠫࠚࠢ࠻⎇ⓥߪ㧘᧪ᐕᐲ߇ᦨ⚳ᐕᐲߢ޽ࠆߚ߼㧘
ᧄࡊࡠࠫࠚࠢ࠻ࠍ⛮⛯࡮ㅴዷߐߖࠆ㧚ޟ↢‛ᄙ᭽ᕈߩ଻ోޠߢߪ㧘․ߦ౎ઍᶏർ
ጯߣႮደᶏጯ๟ㄝߢ⺞ᩏࠍⴕ߁㧚ޟ᳓↥⾗Ḯߩᜬ⛯⊛೑↪ޠߢߪ㧘ࡂࡑࠣ࡝ࠍࡕ
࠺࡞ߦ⎇ⓥࠍ⛮⛯ߒ㧘⾗Ḯ▤ℂߦᔅⷐߥၮ␆࠺࡯࠲ࠍ෼㓸ߔࠆߣ౒ߦ㧘ᾢᧄ⋵࡮
ᾢᧄᏒ߿Ṫදߣ㗫❥ߦද⼏ࠍⴕ޿㧘วᗧᒻᚑߦၮߠߊ⾗Ḯ▤ℂߩ㆏ࠍតࠆ㧚ޟⅣ
Ⴚߦ⺞๺ߒߚ㒐ἴߣ㐿⊒ޠߢߪ㧘౎ઍᶏߦ߅޿ߡ⒖ᬀߒߚႮᕈḨ࿾ߣ⽴㘃ߩࡕ
࠾࠲࡝ࡦࠣࠍ⛮⛯ߔࠆߣ౒ߦ㧘ᾢᧄᏒႮደ࿾඙㧔᦭᣿ᶏ㧕ߩᶏጯၒ߼┙ߡߦኻ
ߔࠆࡒ࠴ࠥ࡯࡚ࠪࡦߩᛛⴚ㐿⊒ࠍㅴ߼ࠆ㧚
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ᩣߪోߡߩၭ㙃ᦼ㑆ߦ߅޿ߡ એ਄ሽ࿷ߒޔߎߩ #PCOOQZ ᳪᵆࠍ᭴ᚑߔࠆਥⷐ
ߥ⩶ߢ޽ࠅޔߘߩሽ࿷ഀวߪ਄ㇱਛㇱਅㇱߣߥࠆ௑ะ߇޽ࠅޔ⓸⚛㒰෰ㅦᐲ
߇㜞ߊߥࠆߣߎߩ௑ะߩ㜞߹ࠆߎߣ߇ಽ߆ߞߚޕߎߩ⚿ᨐޔ-57 ᩣߪ⓸⚛⽶⩄
ߩૐ޿᧦ઙߢఝභߔࠆߎߣ߇᣿ࠄ߆ߣߥߞߚޕ-7 ᩣߩሽ࿷ഀวߩ௑ะߪ -57
࿑㧝 ⓸⚛㒰෰ㅦᐲߩ⚻ᣣᄌൻ
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ᩣߣߪㅒߢޔ਄ㇱਛㇱਅㇱߣߥߞߡ޿ߚ߇ޔߘߩሽ࿷ഀว߇ ࠍ⿥߃ࠆߎߣ
ߪߥ߆ߞߚޕߎߩ⚿ᨐޔ-57 ᩣߣߪㅒߦ -7 ᩣߪ⓸⚛⽶⩄ߩ㜞޿᧦ઙߢఝභߔ
ࠆߎߣ߇᣿ࠄ߆ߣߥߞߚޕ
ԙ 28# ࠥ࡞ࡆ࡯࠭ࠍᜂ૕ߣߔࠆ #PCOOQZ ᵹേᐥߩ᭴▽
਄ะᵹ #PCOOQZ ࠞ࡜ࡓ࡝ࠕࠢ࠲ߢߪޔ࡝ࠕࠢ࠲ౝߩၮ⾰ߩᵹࠇ߇᛼ߒ಴ߒᵹࠇ
ߣߥࠆߚ߼ߦޔᵹ౉ߔࠆၮ⾰Ớᐲ߇㜞ߊߥࠆߣޔ#PCOOQZ ෻ᔕߦ෸߷ߔၮ⾰ޔ․
ߦ 010 ߩ㒖ኂ߇㗼⪺ߣߥࠆޕߎߩ᛼ߒ಴ߒᵹࠇߦࠃࠆᰳὐࠍ⵬߁⋡⊛ߢޔᲧ㊀
߇  ߣዊߐߥ 28# ࠥ࡞ࡆ࡯࠭ࠍ #PCOOQZ ᳪᵆߩઃ⌕ᜂ૕ߣߔࠆኈ㊂ N
ߩᵹേᐥ࡝ࠕࠢ࠲ࠍ᭴▽ߒߚޕ
ታ㛎㐿ᆎ߆ࠄ⚂ 121 ᣣߢ⓸⚛㒰෰ㅦᐲ 1.0 kg-N/m3/d ࠍ㆐ᚑߒޔ⚂ 220 ᣣ⋡ߢ
2 kg-N/m3/day ߦ೔㆐ޔታ㛎ࠍㅢߒߡᦨᄢ 2.88 kg-N/m3/d ࠍ⸥㍳ߢ߈ޔ28# ࠥ࡞ࡆ
࡯࠭ࠍᜂ૕ߣߔࠆ #PCOOQZ ᵹേᐥߩ᭴▽ߦᚑഞߒߚޕ

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
Ԛ ᣂⷙᜂ૕ߦࠃࠆ #PCOOQZ ᳪᵆߩ㓸Ⓧ
ਇ❱Ꮣޔ28# ࠥ࡞ࡆ࡯࠭એᄖߩ #PCOOQZ ᳪᵆߩᜂ૕ߣߒߡᵴ↪߇ᦼᓙߢ߈ࠆࡆ
࡯࡞⵾ㅧߩ㓙ߩ៦ࠅ߆ߔࠍ࿕ᒻ̆὇ൻಣℂߒߚࡕ࡞࠻࠮࡜ࡒ࠶ࠢࠬߣޔ࡝ࡦࠣ
⁁ߦᢛᒻߒߚࠕࠢ࡝࡞❫⛽⵾ᜂ૕߇ #PCOOQZ ᳪᵆߩ㓸Ⓧၭ㙃ߦㆡ↪ߢ߈ࠆ߆ߤ
߁߆਄ะᵹࠞ࡜ࡓ࡝ࠕࠢ࠲ࠍ↪޿ߡㅪ⛯ಣℂ⹜㛎ߢᬌ⸛ߒߚޕ
ኈ㊂ N ߩ࡝ࠕࠢ࠲ߦ N ߩࡕ࡞࠻࠮࡜ࡒ࠶ࠢ 㧔ࠬ☸ᓘ㧦㧙OOޔᲧ㊀㧦
ޔᐔဋሹᓘ㧦ǴO㧕ߣࠬࡍ࡯ࠨ࡯ߣߒߡߩౝᓘ OOޔᄖᓘ OOޔ㐳ߐ OO
ߩࠟ࡜ࠬ▤  ᧄలႯߒߚ࿕ቯᐥ /% ࡝ࠕࠢ࠲ࠍㅪ⛯ㆇォߒߚޕ⚂ 275 ᣣ⋡㑆ㆇ
ォߒޔT-N ߩỚᐲࠍ 100 ߆ࠄ 850 mg-N/l ߳ߣᲑ㓏⊛ߦ਄ߍࠆߩߦ઻޿ޔT-N 㒰෰
ㅦᐲߪ 0.18㨪5.36 kg-N/m3/d ߦ਄᣹ߒߚޕ258 ᣣ⋡ߦޔᦨᄢ T-N 㒰෰ㅦᐲ 5.36
kg-N/m3/dޔT-N 㒰෰₸ 79㧑ࠍ㆐ᚑߢ߈ߚޕ
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ᰴߦޔ☸ᓘ 10-15 mm ߩ /% ࠍᜂ૕ߣߔࠆห᭽ߩ࿕ቯᐥ /% ࡝ࠕࠢ࠲ࠍㆇォߒޔ
⚂ 275 ᣣ⋡㑆ㆇォߒߚޕT-N ߩỚᐲࠍ 100 ߆ࠄ 300 mg-N/l ߳ߣᲑ㓏⊛ߦ਄ߍࠆ
ߩߦ઻޿ޔT-N 㒰෰ㅦᐲߪ 0.14㨪3.98 kg-N/m3/d ߦ਄᣹ߒߚޕ236 ᣣ⋡ߦޔᦨᄢ
T-N㒰෰ㅦᐲ 3.98 kg-N/m3/dޔT-N㒰෰₸ 81㧑ࠍ㆐ᚑߒߚޕㆇォᦼ㑆ਛ 20ᣣ㑆㧔150
㨪170 ᣣ⋡㧕ޔวᚑឃ᳓߆ࠄታឃ᳓ߦಾࠅᦧ߃ߚᤨᦼ߇޽ߞߚߩߢޔߘࠇࠍ⠨ᘦ
ߔࠆߣࠃࠅ㜞޿ T-N 㒰෰ㅦᐲࠍᓧࠆߎߣ߇น⢻ߢ޽ߞߚߣ⠨߃ࠄࠇࠆޕ

ࠬࡐࡦࠫࠍᵴ↪ߔࠆ #PCOOQZ ࡝ࠕࠢ࠲ߩኈ㊂ߪ 2.9 Lޔ෻ᔕㇱ૕Ⓧ 2.6 Lޔ࡝ࠕ
ࠢ࠲ߩౝᓘߪ 90 mmޔ࡝ࠕࠢ࠲ߩ㜞ߐߪ 410 mm ߢ޽ࠆޕAnammox ᳪᵆߩઃ⌕
࿕ቯൻᜂ૕ߣߒߡޔᐔဋሹᓘ 1060 ȝmޔෘߐ 10 mmޔ㑆㓗₸ 96%ߩࠬࡐࡦࠫᜂ
૕㧔⴫㕙Ⓧ 960 cm2 ߩ㐳ᣇᒻ 6 ᨎ߆ࠄߥࠆ㧕ࠍ⩵⧎⁁ߦࠕࠢ࡝࡞⵾ߩࡈ࡟࡯ࡓߦ
િᒛߒߡ૶↪ߒߚޕ┙ߜ਄ߍ߆ࠄߩ 2 ࡩ᦬㑆ޔᜂ૕ౝߦኽߓㄟ߼ࠄࠇߚ㉄⚛ߦ
ࠃࠅޔၭ㙃ೋᦼߪᜂ૕ౝߩህ᳇⁁ᘒ߇଻ߡߕޔ0.2 kg-N/m3/day ߣ T-N 㒰෰ㅦᐲ
߇ૐ޿⁁ᘒ߇⛯޿ߚޕᜂ૕ౝߩ㉄⚛߇ᶖ⾌ߐࠇߚᓟޔAnammox ߩᵴᕈ߇࿁ᓳߒޔ
⚂  ᣣ⋡ߢ⓸⚛㒰෰ㅦᐲ 1.0 kg-N/m3/d ࠍ㆐ᚑߒޔ⚂ 140 ᣣ⋡ߢ 2MI0OF
ߦ೔㆐ޔታ㛎ࠍㅢߒߡᦨᄢ 2.84 kg-N/m3/d ࠍ⸥㍳ߢ߈ߚޕ
એ਄ߩࠃ߁ߦޔ#PCOOQZ ᳪᵆߩ㓸Ⓧၭ㙃ߦߪ #PCOOQZ ᳪᵆ߇ઃ⌕ߔࠆᜂ૕ߩ૶
↪߇᦭ലߢޔߘࠇࠄߩ․ᕈࠍ↢߆ߒߚⵝ⟎⸳⸘ߣㆇォࠍࠍⴕ߁ߎߣߢޔ#PCOOQZ
ᵴᕈࠍ 3-5 kg-N/m3/d ߦ߹ߢ㜞߼ࠆߎߣ߇น⢻ߣߥࠆߎߣ߇᣿ࠄ߆ߣߥߞߚޕ
y = 2.0146x
y = 1.2026x
y = 0.188x
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࿑ 5 ⓸⚛㒰෰ㅦᐲߩ⚻ᣣᄌൻ
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

ԛ 50#2 ᴺߦ㑐ߔࠆ⎇ⓥ
ઃ⌕࿕ቯൻᴺࠍᵴ↪ߒߚㇱಽ੝⎣㉄ൻಣℂߩ㐳ᦼ቟ቯൻಣℂࠍᬌ⸛ߒߡ޿ࠆ
ਛޔ৻ᮏߢ NH4+߇㒰෰ߢ߈ࠆ SNAP ᴺ߇⊒⷗ߐࠇߚޕ࿑㧤ߦ SNAP ߩ᭎ᔨ࿑ࠍ
␜ߔޕᳪᵆઃ⌕ᕈߩ㜞޿ᜂ૕ࠍᵴ↪ߔࠆߎߣߦࠃࠅޔ⎣ൻᵴᕈᳪᵆ߇ઃ⌕࿕ቯ
ൻߒߚⅣႺ߇ᒻᚑߐࠇࠆޕઃ⌕࿕ቯൻߐࠇߚᳪᵆ⴫㕙ߦሽ࿷ߔࠆࠕࡦࡕ࠾ࠕ㉄
ൻ⚦⩶ߦࠃߞߡṁሽ㉄⚛߇ᶖ⾌ߐࠇࠆߎߣߦࠃࠅޔᳪᵆౝㇱ߇ህ᳇⁁ᘒߣߥࠆޕ
ߎࠇߦࠃࠅޔ⛘ኻህ᳇ᕈߢ޽ࠆ Anammox ⩶߇↢ሽߢ߈ࠆⅣႺ߇ᢛ߁ޕ
ߎߩ SNAP ᴺߩ㜞Ớᐲࠕࡦࡕ࠾ࠕ฽᦭ឃ᳓߳ߩㆡ↪ߢ߈ࠆ߆ߤ߁߆ᵹ౉ߩ
NH4-N Ớᐲࠍ 500mg/L ߦ㜞߼ޔHRT ߪ 12㨔ޔT-N ኈⓍ⽶⩄㊂ 1.00kg/m3/d ߩ᧦
ઙਅߢᬌ⸛ߒߚޕ
࿑ 7 ⓸⚛㒰෰ㅦᐲߩ⚻ᣣᄌൻ
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࿑㧥 50#2 ಣℂߦ߅ߌࠆ⓸⚛㒰෰ㅦᐲߩ⚻ᣣᄌൻ


ᵹ಴ߩ 0*0Ớᐲߪ 㨪OI. ߢ޽ࠆߩߦኻߒߡޔ010 Ớᐲ߇ 㨪OI.
ߣૐߊ޿ޕߎࠇߪ #PCOOQZ ߩ෻ᔕᲧ߇ 0*0010ѳ ߢ޽ࠆ߇ޔ೨Ბ㓏ߩ
ㇱಽ੝⎣㉄ൻߦ߅޿ߡޔᵹ಴᳓ࠍ 0*0010ѳ ߩ⁁ᘒߢ࿕ቯߒߡ޿ߚ߼ߢ޽
ࠆޕ
 ᣣ⋡ߦ 60 㒰෰ㅦᐲ߇ ߆ࠄ 㧑ߦૐਅߒߚޕߎࠇߪ࡝ࠕࠢ࠲ౝߢᳪᵆ
߇Ⴧᱺߒㆊ߉ߡᶧᓴⅣ߇ᖡߊߥࠅޔឃ᳓ߣᳪᵆઃ⌕ᜂ૕ߣߩធ⸅ല₸߇ૐਅߒ
䋺$PPRQLXPR[LGL]LQJEDFWHULD
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䋫
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'2'2
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1+
䋺$QDPPR[EDFWHULD
 61$3ᳪᵆᄖⷰ
࿑㧤 61$3ᳪᵆߩ᭎ᔨ࿑ߣᄖⷰ
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㒰 06 ޿ㄭ㧑 㒠એ⋡ᣣ ޔࠈߎߣߚ޿ᛮ߈ᒁࠍᵆᳪߦ⋡ᣣ ޕࠆ޽ߢ߼ߚߚ
߇₸෰㒰 06 ဋᐔޔߡ޿߅ߦਅઙ᧦ߩᐲỚ 0*0 㜞ޔ㑆ᣣ ޕߚߒᓳ࿁ߦ₸෰
ᄢᦨޔd/3m/gk68.0 ߪᐲㅦ෰㒰 N-T ᄢᦨޕߚ߈ߢ߇ߣߎࠆߔ෰㒰ߡߒቯ቟ߣ㧑
ޕߚ߈ߢ߇ߣߎࠆߔᚑ㆐ࠍ%58 ߪ₸෰㒰N-T
ᐲᚑ㆐ߩᨐᚑ㧚㧠
࠲ࠢࠕ࡝ ZQOOCP# ࠆߔߣ૕ᜂൻቯ࿕⌕ઃࠍᏓ❱ਇޔߦ㗡ᔨࠍൻ↪ታߩ ZQOOCP#
⚿ߩߘޕߚ߈ߡߒ㄰ࠅ➅ࠍ㛎⹜ߍ਄┙ᦼᣧߩߘޔߒࡊ࠶ࠕ࡞࡯ࠤࠬߢ߹ N ࠍ
ᓟߩߘޔߢᐲỚߪೋᦨޔࠍߍ਄┙ߩ⩄⽶ޔߒႯలߢᘒ⁁ߚߒ⛯ㅪࠍᏓ❱ਇޔᨐ
ޔࠍFO0IMᐲㅦ෰㒰Ⓧኈ06ߢᣣޔߢߣߎࠆߔ↪ណࠍᴺᣇࠆ߼㜞ࠍ㊂ᵹ
࡝ࡓ࡜ࠞ ZQOOCP# ߩኈ N ߩߢ߹ࠇߎߦᓟᣣ ޔࠍ FO0IM ߦᓟᣣ 
ታޔ߈ߢ߇ߣߎࠆߔᚑ㆐ࠍᐲㅦ෰㒰⚛⓸ߩ FO0IM ࠆߥߣ㜞ᦨߪߢ࠲ࠢࠕ
ޕߚ߈ߢ߇ߣߎࠆߌߟࠍಣ⋡ߦൻ↪
૶ߩ૕ᜂࠆߔ⌕ઃ߇ᵆᳪ ZQOOCP#ޔߪߦࠆߍ਄ߜ┙ߦᦼᣧࠍ࠲ࠢࠕ࡝ ZQOOCP#
ࡒ࡜࠮࠻࡞ࡕޔ࠭࡯ࡆ࡞ࠥ #82ޔᏓ❱ਇ⵾࡞࠹ࠬࠛ࡝ࡐޔࠍߣߎࠆ޽ߢല᦭߇↪
ߚߒߣ૕ᜂൻቯ࿕⌕ઃߩᵆᳪ ZQOOCP# ࠍ࠻࡯ࠪࠫࡦࡐࠬ࡞࠹ࠬࠛ࡝ࡐޔࠬࠢ࠶
ޕߚ߈ߢ߇ߣߎࠆߔߦ߆ࠄ᣿ߢ㛎⹜⛯ㅪ
࠾ࡕࡦࠕᐲỚ㜞ߩᴺ2#05ߚߒ⊒㐿ߦⷙᣂߡߒߣ⟎ⵝ෰㒰ࠕ࠾ࡕࡦࠕߩဳᮏ৻ 
ޔ޿ⴕࠍ㛎⹜ℂಣ⛯ㅪߚ߼㜞ߦNIOࠍᐲỚ0*0౉ᵹߦ㗡ᔨࠍ↪ㆡߩ߳᳓ឃࠕ
ޕߚ߈ߢ߇ߣߎࠆᓧࠍ₸෰㒰⚛⓸ߩ㧑㧙 ߢ FO0IM ㊂⩄⽶Ⓧኈ 0*0

ᮡ⋡࡮⊛⋡ߩᐲᐕ  ᚑᐔ㧚㧡
ߩ㛎ታߥޘ᭽ޔࠅ࿑ࠍᢛ⺞ߩᵆᳪ ZQOOCP#ޔߒォㆇޔᐲౣࠍ࠲ࠢࠕ࡝ N㧕㧝
ޕࠆߔ↪ᵴߡߒߣᵆᳪ⒳
ޔᶧ㔌⣕࠻ࡦ࡜ࡊࠬࠟࠝࠗࡃޔࠍℂಣൻ㉄⎣੝ಽㇱࠆࠃߦ࠲ࠢࠕ࡝ᐥേំ㧕㧞
&1$ ߔ߷෸ߦℂಣൻ㉄⎣੝ಽㇱޔ޿ⴕߦ⽎ኻℂಣࠍᶧ㔌⣕ᵆᳪ႐ℂಣ᳓ਅᏒㇺ
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ᑄ᳓ࠍ଀ߦߣߞߡᄤὼࡎ࡞ࡕࡦࠍቢోߦಽ⸃㒰෰ߢ߈ࠆಣℂࡊࡠ࠮ࠬߩᬌ⸛ࠍ
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ⴕߞߚޕ․ߦޔߎࠇ߹ߢ⎇ⓥ߇චಽߦߪⴕࠊࠇߡ޿ߥ߆ߞߚ↢‛ቇ⊛ಣℂࡊࡠ
࠮ࠬߦ߅ߌࠆᄤὼࡎ࡞ࡕࡦߩಽ⸃᜼േࠍ᣿ࠄ߆ߦߔࠆߎߣࠍ⋡⊛ߣߒߚޕ
䋨2䋩 ታ㛎᧚ᢱ߅ࠃ߮ᣇᴺ
a䋩 ‐♮ዩ㧦ᾢᧄ⋵ߩ⇓↥ㄘኅ߆ࠄឭଏߐࠇߚ‐♮ዩࠍ↪޿ߚޕ‐♮ዩߪ⇓⥢߆
ࠄ࿾ਅߩ⾂⬿ᐶߦ㓸߼ࠄࠇߚ߽ߩࠍណขߒޔ⎇ⓥቶߦ߅޿ߡࠩ࡞䋨2.5 mm2.5
mm䋩ߣࡋ࡜ࠍ↪޿ߡࡔ࠶ࠪࡘࠈㆊߒ‐♮ዩ៦᳝ᶧߣߒߡታ㛎ߦ૶↪ߒߚޕ
b䋩 ಣℂࡊࡠ࠮ࠬ㧦ህ᳇ᕈಣℂ䋨㜞᷷ࡔ࠲ࡦ⊒㉂䋩ψᏗ㉼ψᅢ᳇ᕈಣℂ䋨ᵴᕈᳪᵆ
ᴺ䋩ߩ㗅ߦ↢‛ቇ⊛ಣℂࠍⴕ޿ޔᰴߦࠝ࠱ࡦࠍ↪޿ߚ‛ℂൻቇ⊛ಣℂࠍⴕ߁ಣℂ
ࡊࡠ࠮ࠬࠍ᭴▽ߒߚޕฦಣℂᲑ㓏ߢޔ᳓⾰ᳪỘᐲߩᜰᮡߣߥࠆ CODCr࡮BOD5ߥ
ߤࠍ᷹ቯߒޔ᦭ᯏ‛ߩ㒰෰₸ࠍ⏕⹺ߒߚޕ
 㜞᷷ࡔ࠲ࡦ⊒㉂ߦߪታኈⓍ 8 L ߩᯏ᪾ᡬᜈဳ⊒㉂ᮏࠍ૶↪ߒޔ᷷ᐲࠍ 56͠ߦ
೙ᓮߒߚޕ߹ߚᮏౝᶧߩ p㧴ߪ pHࠦࡦ࠻ࡠ࡯࡜࡯ߦࠃࠅ 7.5ߦ೙ᓮߢ߈ࠆࠃ߁
ߦߒߚޕ৻ᣣߦ৻࿁ߩ draw-and-fill ᣇᑼߢಣℂ⹜㛎ࠍⴕߞߚޕᵴᕈᳪᵆᮏߦߪ
ታኈⓍ 1.1 Lߩࠕࠢ࡝࡞⵾࡝ࠕࠢ࠲࡯ࠍ૶↪ߒޔ᷷ᐲ 30͠ޔㅢ᳇㊂ 110 mL/minߩ
᧦ઙߢᅢ᳇ಣℂߒߚޕ‛ℂൻቇ⊛ಣℂߣߒߡߪࠝ࠱ࡦ㉄ൻߦࠃࠆᬌ⸛ࠍⴕߞߚޕ
c䋩 ⅣႺࡎ࡞ࡕࡦ᭽ᵴᕈߩ᷹ቯ㧦‐♮ዩਛߦߪᄤὼࡎ࡞ࡕࡦ‛⾰ߩߥ߆ߢ߽ޔࠛ
ࠬ࠻ࡠࡦ߿ 17β-ࠛࠬ࠻࡜ࠫࠝ࡯࡞ߣ޿ߞߚᄤὼࠛࠬ࠻ࡠࠥࡦ‛⾰ߩᓇ㗀߇ᄢ߈
޿ߣផ᷹ߐࠇߚߩߢࠛޔ ࠬ࠻ࡠࠥࡦᵴᕈߩᬌ಴ߦ㉂Უ two-hybridᴺࠍ↪޿ߡ 17β-
ࠛࠬ࠻࡜ࠫࠝ࡯࡞឵▚୯ߣߒߡ␜ߒߚޕ
䋨3䋩 ታ㛎⚿ᨐ߅ࠃ߮⠨ኤ
 ૶↪ߒߚ‐♮ዩឃ᳓ߩ BOD5, TOC, CODCr, SS, total VFA ߩỚᐲߪߘࠇߙࠇ
27,600 mg/L, 9,470 mg/L, 25,800 mg/L, 58.6 g/L, 12,700 mg/Lߣ㜞޿Ớᐲߢ޽ߞߚޕ
߹ߚޔⅣႺࡎ࡞ࡕࡦ᭽ᵴᕈߪ 200 - 900 µg/L 䋨3.3 - 14.8 µg/g dry weight䋩 ߢ޽ߞߚޕ
TS⽶⩄ 4 g/L/dߦ߅ߌࠆ㜞᷷ࡔ࠲ࡦ⊒㉂ߢߪޔಣℂ᳓ਛߩ TOC߅ࠃ߮ VSSỚᐲ
ߪ߶߷৻ቯߦ଻ߚࠇޔ᦭ᯏ㉄Ớᐲߪ⚂ 300 mg/Lߢ޽ߞߚޕߎߩߣ߈ߩࠟࠬ⊒↢
㊂ߪ⚂ 8,000 ml/L/dޔࡔ࠲ࡦ฽㊂ߪ⚂ 60%ߢ޽ߞߚޕ߹ߚޔᐔဋ⊛ߥⅣႺࡎ࡞ࡕ
ࡦ᭽ᵴᕈߩ㒰෰₸ߪ⚂80%ߢ޽ߞߚޕߎߩࠃ߁ߦߒߡᓧࠄࠇߚህ᳇ᕈಣℂ᳓ࠍ᳓
㆏᳓ߢ㧠୚Ꮧ㉼ߒޔᅢ᳇ᕈಣℂࠍⴕߞߚޕߘߩ⚿ᨐޔtotal-VFA, BOD5, CODCr, TOC, 
TS, VSS ࠍߘࠇߙࠇ 99.7%, 90%, 79%, 84%, 48%, 60% ߦ߹ߢ೥ᷫߔࠆߎߣ߇ߢ
߈ߚޕⅣႺࡎ࡞ࡕࡦ᭽ᵴᕈ߽ 40 - 100 µg/L ߹ߢૐਅߐߖࠆߎߣ߇ߢ߈ߚ߇ޔቢ
ోߦߪ㒰෰ߢ߈ߥ߆ߞߚߩߢޔࠝ࠱ࡦ㉄ൻಣℂࠍⴕߞߚޕߘߩ⚿ᨐޔⅣႺࡎ࡞
ࡕࡦ᭽ᵴᕈࠍᬌ಴㒢⇇એਅߦૐᷫߢ߈ߚޕ
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㗴໧ߩ⾰‛᭽ࡦࡕ࡞ࡎႺⅣࠆ޽ߢߟ৻ߩ㗴໧ႺⅣߥ߈ᄢࠆ߃ᛴ߇⃿࿾ޔ਄એ 
᳇ህޔࠄ߆ߣߎࠆߔᏓಽߊᐢ߇ࡦࡕ࡞ࡎὼᄤߊߥߢߌߛ‛วൻᚑวޔߡߒ㑐ߦ
⊒㐿࡮ⓥ⎇ࠍࠬ࠮ࡠࡊℂಣߚߖࠊวߺ⚵ࠍൻ㉄ࡦ࠱ࠝߣℂಣ‛↢⊛᳇ᅢ߮ࠃ߅
ޕߚߒ
ଔ⹏ᕈ⢻ᯏߣ⊒㐿ߩⴚᛛㅧ⵾㈶ᐽஜߩࠄ߆ᶧᑄ⇐⫳㈪὾ 2.2
⸒✜ 䋩1䋨
ޔߪ㊂಴ឃߩ 䋩ࠆߔߣ☺㈪὾ޔᓟએ䋨 ᶧᑄ⇐⫳ࠆߔ↢೽ߢ⒟Ꮏ⇐⫳ߩㅧ⵾㈪὾ 
ᐕ 41 ᚑᐔ߽ߢߌߛ⋵ 4 Ꮊ਻ධޔ޿߇ߚߒߦࠆߔടჇ߇㊂ㅧ⵾㈪὾ߢࡓ࡯ࡉ㈪὾
ߪߦᐲᐕㅧ㈬ᐕ 61 ᚑᐔޔLk ਁ 06 ⚂ߢᐲᐕㅧ㈬ᐕ 51 ᚑᐔޔLk ਁ 74 ⚂ߢᐲᐕㅧ㈬
㘃㈬ߩઁޔ߼ߚࠆ޽ߢ㈬⇐⫳ߪ㈪὾ޕࠆ޿ߡߒടჇߦ᏷ᄢޘᐕޔߣ Lk ਁ 58 ⚂
㈪὾ޕࠆ޽ߢ㗴໧߇ߩࠆߔ↢⊒ߊᄙ߇☺㈪὾ࠆ޽ߢ‛↢೽ߦ߁ࠃߩߎߡߴᲧߦ
㔍࿎߇ℂಣޔ߼ߚࠆ޽ߢ᳓ᑄᕈᯏ᦭ᐲỚ㜞ࠆ޽߽ L/gm 000,08 - 000,53 ߇ DOB ߪ☺
ਥ߇ළ὾߿᫈ᛩᵗᶏߪߡߒߣᴺℂಣߩ☺㈪὾ߩߢ߹ࠇߎޔߡߞ߇ߚߒޕࠆ޽ߢ
ᐲ⒟ࠆ޿ߡࠇࠊߥⴕ߇↪ᵴ೑ࠆࠃߦߤߥൻᢱ⢈ᱶ․߿ൻᢱ㘺ߪㇱ৻ޔࠅ޽ߢᵹ
᧦ࡦ࠼ࡦࡠޔߊߒ㔍ߪℂಣළ὾ࠄ߆ߤߥᘦ㈩ߩ߳㕙஥ႺⅣޔߒ߆ߒޕߚߞ޽ߢ
ޕࠆ޽ߢ㊎ᣇࠆߔᱛ⑌߽రㆶ࿾⇌ޔࠅߥߦߣߎࠆࠇߐᱛ⑌߇᫈ᛩᵗᶏߡߞࠃߦ⚂
ޔ߇ࠆ޿ߡߞߥߣ⩄⽶ႺⅣߥ߈ᄢߺ฽ࠍ‛ᯏ᦭ߩᐲỚ㜞ߪ☺㈪὾ޔߦ߁ࠃߩߎ 
ฦޔ࠼࠴ࡊࡍޔ⾰⢽ޔ⾰♧ޔ⾰ࠢࡄࡦ࠲ߩ᧪↱Უ㉂ߪ޿ࠆ޽㤕߿ᢱේޔߦᤨห
ޕࠆ޽߽ߢ᧚⚛↪᦭߻฽ߦን⼾ࠍಽᚑല᦭ߩઁߩߘ߮ࠃ߅ࡦࡒ࠲ࡆޔ㉄ࡁࡒࠕ⒳
ឃࠆ߇❬ߦᷫシ⩄⽶ႺⅣޔ߃ᝒߡߒߣḮ⾗↪೑ᧂߥⷙᣂࠍ☺㈪὾ޔߪࠇࠊࠇࠊ
㉯ᕈ⢻ᯏߩࠄ߆☺㈪὾ޔߡߒᜰ⋡ࠍߣߎࠆߔᚑ㆐ߦᤨหࠍ↪೑ല᦭ߣᷫ೥㊂಴
ޔߒ⊒㐿ࠍࠬ࠮ࡠࡊㅧ⵾㈪὾ⷙᣂߩဳࡦ࡚ࠪ࠶ࡒࠛࡠ࠯ߛࠎㄟߺ⚵ࠍㅧ⵾㈶ㅧ
ߩߚߒ㆐ߦ㓏Ბߩൻ↪ታߪߡߒ㑐ߦࠬ࠮ࡠࡊߚߒ⊒㐿ޕߚ߈ߡߞⴕࠍ㛎⹜⸽ታ
ߔ᦭ࠍᕈ⢻ᯏࠆ߈ߢਈነߦᜬ⛽ᐽஜߩ࠻ࡅߦ߆⏕߇㈶ㅧ㉯ߚߒㅧ⵾ޔߪᰴޔߢ
ޕࠆ޽ߢⷐᔅ߇᣿⸃ߩᐨᯏ↪૞߮ࠃ߅ଔ⹏ߩᕈᵴℂ↢ޔߦ߼ߚࠆߔ⸽ታࠍߣߎࠆ
࡞ࠞࠫ࡜᛫ߪᐲᐕ੹ޔߢߩߚߒ๔ႎߦᔃਛࠍᨐ⚿ߩଔ⹏ᕈᵴ≌⣲᛫ߪᐲᐕᤓ 
߅☺㈪὾☨ޔߪᕈᵴൻ㉄᛫ߩߢ ortiv nIޕࠆߔ๔ႎࠍᨐ⚿ߚߒଔ⹏ߡ޿ߟߦᕈᵴ
ߦࠬ࡟࠻ࠬൻ㉄ߩ߳ 2GpeH ᩣ⢩⚦ࠎ߇⢄࠻ࡅࠆࠃߦ 2O2H ߡ޿↪ࠍ㈶ㅧ㉯߮ࠃ
㉄᛫ߩߢ oviv niޔߚ߹ޕߚߒ⸛ᬌߦᔃਛࠍᕈᵴ⼔଻⢩⚦ࠆߔኻߦኂ㓚⢩⚦ࠆࠃ
ਈᛩญ⚻ߩ࡞ࡊࡦࠨฦߡ޿↪ࠍ࡞࠺ࡕኂ㓚⢄ᕈᕆࠬ࠙ࡑࠆࠃߦ 4lCCޔߪᕈᵴൻ
ޕߚߒ⸛ᬌࠍᨐലᷫシߩኂ㓚⢄ࠆࠃߦ
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䋨2䋩 ᧚ᢱ߅ࠃ߮ታ㛎ᣇᴺ
a䋩 ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶㧦☨὾㈪☺ߪޔᾢᧄ⋵⃿⏴࿾ᣇߩ☨὾㈪ࡔ࡯ࠞ࡯߆ࠄ
ឭଏߐࠇߚᣂ㞲ߥ߽ߩࠍ↪޿ߚޕ㉯ㅧ㈶ࠍ⵾ㅧߔࠆߚ߼ߩ㈶㉄⊒㉂ߦߪޔ䋨⽷䋩
⊒㉂⎇ⓥᚲ߆ࠄ⾼౉ߒߚࠢࠛࡦ㉄⠴ᕈࠍ᦭ߔࠆ㈶㉄⩶ Acetobacter aceti IFO 3283
ࠍ↪޿ߚޕ㈶㉄⩶ࠍၭ㙃ߔࠆ㓙ߦ૶↪ߒߚၭ࿾ߪߔߴߡ 121˚Cޔ20 ಽ㑆ߩ᧦ઙ
ߢṌ⩶ߒߚ߽ߩࠍ↪޿ߚޕታ㛎ߦ૶↪ߒߚ㉯ㅧ㈶ߪᤓᐕႎ๔ߒߚᣇᴺߢ⵾ㅧߒޔ
ಓ⚿ੇ῎ 䋨DF-010Hޔᣣᧄ⌀ⓨ䋨ᩣ䋩㧕ߒߚޕᓧࠄࠇߚಓ⚿ੇ῎‛ߪޔ10 mM ࡝
ࡦ㉄✭ⴣṁᶧ 䋨PBS䋩 ߢౣṁ⸃ߒߚ߽ߩࠍ⚦⢩⹜㛎ߦ૶↪ߒޔേ‛⹜㛎ߢ૶↪ߔ
ࠆ㓙ߪޔṌ⩶ߒߚ↢ℂ㘩Ⴎ᳓ߢౣ Ộߒߚṁᶧ߽ߒߊߪಓ⚿ੇ῎‛ࠍวᚑ㘺ᢱ
ߦᷙߗߡ૶↪ߒߚޕ
b䋩 In vitro ⹏ଔ㧦☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߩㆊ㉄ൻ⢽⾰࡜ࠫࠞ࡞↢ᚑᛥ೙ᵴᕈߩ᷹
ቯߪޔ࡞ࡒࡁ࡯࡞ଐሽᕈൻቇ⊒శᴺߦᓥߞߡⴕߞߚޕ96 ⓣࡑࠗࠢࡠࡊ࡟࡯࠻ࠍ
↪޿ޔฦ࠙ࠚ࡞ߦ࡝ࡦ㉄✭ⴣṁᶧ 125 µLޔ10 mM ࠫࠛ࠴࡟ࡦ࠻࡝ࠕࡒࡦ 5 ㈶㉄
25 µLޔ300 mM t-BuOOH 25 µLޔ100 mM ࡞ࡒࡁ࡯࡞ 25 µLࠛޔ ࠲ࡁ࡯࡞/PBS㧔2/1㧕
ṁᶧߦ᭽ޘߥỚᐲߢṁ⸃ߐߖߚ᛫㉄ൻᵴᕈ‛⾰ 25 µL ࠍ౉ࠇࠤޔ ࡒࠞ࡞࡞ࡒࡀ࠶
࠮ࡦࠬⵝ⟎㧔ᄢᣣᧄ⵾⮎䋨ᩣ䋩㧕ߢ᷹ቯߒߚޕ෻ᔕߪޔ210 ⑽㑆ޔ37˚C ߢᡬᜈࠍ
ⴕߞߚᓟޔ100 mg/L ࡋࡕࠣࡠࡆࡦࠍ 25 µL ᷝടߒ᷹ቯࠍ㐿ᆎߒߚޕ࡞ࡒࡁ࡯࡞
ߩⰯశᒝᐲࠍ 50㧑ߦᛥ೙ߔࠆ෻ᔕᶧਛߩࠨࡦࡊ࡞Ớᐲࠍ IPOX50୯ߣߒߡ⴫ߒߚޕ
 ࡅ࠻⢄⚦⢩ၭ㙃ᩣ HepG2 ߪࡅࡘ࡯ࡑࡦࠨࠗࠛࡦࠬࠃࠅ⾼౉ߒޔDulbecco’s 
Modified Eagle Medium 䋨DMEM䋩 ߦ 10㧑FBS ࠍട߃ޔ100 µg/mL ࠬ࠻࡟ࡊ࠻ࡑ
ࠗࠪࡦ߅ࠃ߮ 100 units/mL ࡍ࠾ࠪ࡝ࡦࠍᷝടߒߚၭ࿾ࠍ↪޿ߡޔ37˚Cޔ5% CO2
㔓࿐᳇ਅߢၭ㙃ߒߚޕࡅ࠻⢄⚦⢩߇ࠎ⚦⢩ᩣ HepG2 ߳ߩ H2O2 ߦࠃࠆ㉄ൻࠬ࠻࡟
ࠬߦኻߔࠆ᛫㉄ൻᵴᕈߪએਅߩᚻ㗅ߢⴕߞߚޕߪߓ߼ߦޔ㉄ൻࠬ࠻࡟ࠬ H2O2 ࠍ
↪޿ߚ⹜㛎ࠍⴕ߁೨ߦޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߦኻߔࠆ⚦⢩Ქᕈ⹜㛎ࠍⴕߞߚޕ
ኻᢙჇᱺᦼߦ޽ࠆ HepG2 ࠍ 96 ⓣᐔᐩࡑࠗࠢࡠࡊ࡟࡯࠻ߦ᠞߈ޔ37˚Cޔ5%CO2
㔓࿐᳇ਅߢ৻᥅ࠗࡦࠠࡘࡌ࡯࠻ߒߚޕHepG2 䋨104 cells/well䋩 ߦޔỚᐲࠍᄌൻߐ
ߖߚฦࠨࡦࡊ࡞ࠍᷝടߒޔ37˚Cޔ5%CO2㔓࿐᳇ਅߢ24ᤨ㑆ࠗࡦࠠࡘࡌ࡯࠻ߒߚޕ
24 ᤨ㑆ᓟޔHepG2 ߩ↢ሽ₸ࠍ MTT ᴺߩᡷᄌߢ޽ࠆ WST-8 ᴺߦࠃࠅ᷹ቯߒߚޕ
ߘߩᓟޔ⚦⢩Ქᕈࠍ␜ߐߥ߆ߞߚỚᐲ▸࿐ߢޔ㉄ൻࠬ࠻࡟ࠬ H2O2 ࠍ↪޿ߚ☨὾
㈪☺߅ࠃ߮㉯ㅧ㈶ߩ᛫㉄ൻᵴᕈ⹜㛎ࠍⴕߞߚޕ᛫㉄ൻᵴᕈ⹜㛎ߪޔcontrol ⟲㧔1.0
mM H2O2 ࠍ 1 ᤨ㑆૞↪ߐߖߚ⟲䋩ޔ☨὾㈪☺⟲㧔ฦỚᐲߩ☨὾㈪☺ࠍ 23 ᤨ㑆૞
↪ߐߖޔ23 ᤨ㑆ᓟߦᵞᵺߒޔ1.0 mM H2O2 ࠍ 1 ᤨ㑆૞↪ߐߖߚ⟲㧕߅ࠃ߮㉯ㅧ
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㈶⟲㧔ฦỚᐲߩ☨὾㈪☺ࠍ 23 ᤨ㑆૞↪ߐߖޔ23 ᤨ㑆ᓟߦᵞᵺߒޔ1.0 mM H2O2
ࠍ 1 ᤨ㑆૞↪ߐߖߚ⟲㧕ࠍ⸳ߌߡⴕߞߚޕ⚦⢩ߩ㉄ൻߩᜰᮡߣߒߡㆊ㉄ൻ⢽⾰
߅ࠃ߮ GSH ࠍ᷹ቯߒޔcontrol ⟲ߣࠨࡦࡊ࡞⟲ߣߩᲧセࠍⴕ޿ᬌ⸛ߒߚޕㆊ㉄ൻ
⢽⾰ߪ thiobarbituric acid 䋨TBA䋩 ᴺߦࠃࠅ᷹ቯߒޔGSH ߪ 5, 5’-dithiobis 
䋨2-nitrobenzoic acid䋩 䋨DTNB䋩 ᴺࠍ↪޿ߡ᷹ቯߒߚޕ
c䋩 In vivo ⹏ଔ㧦ᣣᧄ SLC ᩣᑼળ␠㧔ᵿ᧻Ꮢ㧕ࠃࠅ⾼౉ߒߚ 5 ㅳ઎ߩ㓶ᕈ ddY
ࡑ࠙ࠬࠍ૶↪ߒߚޕࡑ࠙ࠬߪ 22±1˚CޔḨᐲ 55±5%ߦ೙ᓮߐࠇߚേ‛㘺⢒ቶߢ㘺
⢒ߒޔ1 ࠤ࡯ࠫ 5 ඘ߢ㘺⢒ߒߚޕ㘺ᢱ߅ࠃ߮㘶ᢱ᳓ߪ⥄↱៨ขߣߒޔඦ೨ 7 ᤨ߆
ࠄඦᓟ 7 ᤨ߹ߢὐἮߔࠆ 12 ᤨ㑆ߩ᣿ᥧ๟ᦼߣߒߚޕേ‛ታ㛎ߪߔߴߡᾢᧄᄢቇ
േ‛ታ㛎ᜰ㊎ߦߒߚ߇ߞߡⴕߞߚޕ
 CCl4 ߦࠃࠆࡑ࠙ࠬᕆᕈ⢄㓚ኂࡕ࠺࡞ࠍ↪޿ߚ᛫㉄ൻᵴᕈߪએਅߩᚻ㗅ߢⴕߞ
ߚޕAIN-93G ࠍၮḰߦ᛫㉄ൻ‛ߢ޽ࠆ 2,6-bis㧔1,1-dimethylethyl㧕-4-methylphenol 
䋨BHT䋩 ࠍ㒰޿ߚวᚑ㘺ᢱࠍ૞⵾ߒߚޕ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ࠍ↪޿ߡ CCl4 ߦࠃ
ࠆᕆᕈ⢄㓚ኂߦኻߔࠆᛥ೙⹜㛎ࠍⴕߞߚޕCCl4 ߪޔ⢄ઍ⻢ߦࠃࠅ CCl3·ࠍ↢ߓޔ
ߘࠇߦ⛯ߊ࡜ࠫࠞ࡞෻ᔕߦࠃࠅ⢄⚦⢩ࠍ்ኂߒ⢄㓚ኂࠍᒁ߈⿠ߎߔޕ⾼౉ߒߚ 5
ㅳ઎ߩ㓶ᕈ ddY ࡑ࠙ࠬߪޔ㘺ᢱ߅ࠃ߮㘶ᢱ᳓ࠍ⥄↱៨ขߢਈ߃ޔ1 ㅳ㑆ߩ੍஻
㘺⢒ࠍⴕ޿ޔ⹜㛎ࠍ㐿ᆎߒߚޕ㘺ᢱߪޔ਄ㅀߒߚวᚑ㘺ᢱࠍߔߴߡߩ⟲ߩࡑ࠙
ࠬߦ⹜㛎ᦼ㑆ਛߦ⥄↱៨ขߐߖߚޕCCl4 ߦኻߔࠆ⢄㓚ኂᛥ೙⹜㛎ߪޔታ㛎⟲ࠍ
200, 400, 800 mg/kg ߩ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ޔ100 µmol/kg ߩ tyrosolޔၮᧄ㘩ࠍ
ਈ߃ߚCCl4ಣℂߩߺߩ⟲ 䋨control⟲䋩߅ࠃ߮CCl4ಣℂߥߒߩ⟲ 䋨normal⟲䋩ߩ⸘
9 ⟲ࠍ⸳ߌߡⴕߞߚޕฦࠨࡦࡊ࡞ߪ࠱ࡦ࠺ࠍ↪޿ߡ 10 mL/kg ߢ 5 ᣣ㑆ㅪ⛯⚻ญ
ᛩਈߒޔ6 ᣣ⋡ߦ 10% 䋨v/v䋩 CCl4/ᄢ⼺ᴤࠍ⣻⣧ౝߦᛩਈߒߚޕControl ߅ࠃ߮
normal⟲ߪ↢ℂ㘩Ⴎ᳓ߩߺࠍ⚻ญᛩਈߒߚޕCCl4ࠍ⣻⣧ౝߦᛩਈߒߡ 20ᤨ㑆ᓟޔ
ࡑ࠙ࠬࠍ㤗㈮ߦࠃࠅዼᲕߒޔⴊᶧ߅ࠃ߮⢄⤳ࠍណขߒߚޕⴊᶧ߆ࠄⴊᷡࠍណข
ߒޔ⢄㓚ኂߩᜰᮡߢ޽ࠆ⢄⤳㉂⚛ߩ AST 䋨GOT䋩 ߅ࠃ߮ ALT 䋨GPT䋩 ߩᵴᕈࠍ
᷹ቯߒߚޕ߹ߚޔ㉄ൻࠬ࠻࡟ࠬߦࠃࠆ⢄⤳ߩㆊ㉄ൻ⢽⾰߅ࠃ߮ GSH ࡟ࡌ࡞ࠍ᷹
ቯߒޔߐࠄߦ GSH 㑐ㅪ㉂⚛ߢ޽ࠆ GSH Px ߅ࠃ߮ GSH Rd ߩᵴᕈࠍ᷹ቯߒߚޕ
ዼᲕߒߚᓟޔ⢄⤳߅ࠃ߮ⴊᷡߪޔฦ㗄⋡ࠍ᷹ቯߔࠆ߹ߢ㧙80˚C ߦ଻ሽߒߚޕߚ
ߛߒޔฦ㗄⋡ߪ଻ሽߒߡ߆ࠄ 1 ㅳ㑆એౝߦ᷹ቯߒߚޕ
 ฦ⹜㛎ߩ⚿ᨐߪᐔဋ୯ ± ᮡḰ஍Ꮕߢ␜ߒޔ᦭ᗧᏅᬌቯߦߪ t-ᬌቯࠍ↪޿ߚޕ
ෂ㒾୯ P ߇ 0.05 એਅߢ޽ࠆߣ߈ߦ᦭ᗧᏅ߇޽ࠆߣቯ⟵ߒߚޕ
57
䋨3䋩 ታ㛎⚿ᨐ߅ࠃ߮⠨ኤ
a䋩 In vitro ߦࠃࠆ᛫࡜ࠫࠞ࡞ᵴᕈߩ⹏ଔ
 ㆊ㉄ൻ⢽⾰࡜ࠫࠞ࡞ߦኻߔࠆᛥ೙ᵴᕈࠍ᷹ቯߒߚ⚿ᨐޔ☨὾㈪☺ߩ IPOX50୯
ߪ 0.005 mL/mLޔ㉯ㅧ㈶ߪ 0.005 mL/mL ߢ޽ࠅޔߣ߽ߦ㜞޿ᵴᕈࠍ␜ߒߚޕ
 ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶߇᦭ߔࠆ᛫㉄ൻᵴᕈ߇↢૕ߢ߽⊒ើߐࠇࠆ߆ࠍ᣿ࠄ߆
ߦߔࠆߚ߼ޔߪߓ߼ߦ⢄⚦⢩ HepG2 ࠍ↪޿ߡᬌ⸛ߒߚޕᦨೋߦ⚦⢩Ქᕈ⹜㛎ࠍ
ⴕߞߚ⚿ᨐޔ࿑ 2-1 ߦ␜ߒߚࠃ߁ߦޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߣ߽ߦ⚂ 2.5 mg/mL
߹ߢ⚦⢩Ქᕈࠍ␜ߐߥ߆ߞߚޕߒߚ߇ߞߡޔHepG2 ࠍ↪޿ߚ᛫㉄ൻᵴᕈ⹜㛎ߦ
ߪޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߪ 0 - 2.5 mg/mL ߩ▸࿐ߢⴕ߁ߎߣߣߒߚޕ
 ⴫ 2-1 ߦ␜ߒߚࠃ߁ߦ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߢಣℂߒߚ⟲ߪޔ᦭ᗧߦ GSH Ớ
ᐲߩᷫዋࠍᛥ೙ߒߚޕ࿑ 2-1 ߦ␜ߒߚࠃ߁ߦ 2.5 mg/mL એ਄ߩ㉯ㅧ㈶ಣℂߢߪ⚦
⢩Ქᕈࠍ␜ߒߡ޿ߚޕߒߚ߇ߞߡޔ⴫ 2-1 ߩ 2.5 mg/mL ߩ㉯ㅧ㈶ߢߪޔ㉯ㅧ㈶ਛ
ߩࡈࠚࡁ࡯࡞ൻว‛ߦࠃࠆ࡜ࠫࠞ࡞↢ᚑߦࠃࠅ㉄ൻࠬ࠻࡟ࠬ߇↢ߓ GSH ߇ᷫዋ
ߒᆎ߼ߚߣ⠨߃ࠄࠇߚޕ
࿑ 2-1 ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߩ HepG2 ߦኻߔࠆ⚦⢩Ქᕈ
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⴫ 2-1 HepG2 ߳ߩ H2O2 ߦࠃࠆ㉄ൻࠬ࠻࡟ࠬߦኻߔࠆ⢽⾰ㆊ㉄ൻ߅ࠃ߮⚦⢩ౝ
GSH ࡟ࡌ࡞ߩᷫዋߦኻߔࠆ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߩಣℂߦࠃࠆᛥ೙ലᨐޕ⴫ߪ
ᐔဋ୯ ± SD ߢ⴫ߒߚޕ*P < 0.05, ** P < 0.01 vs. control ⟲ޕ
 ߎߩࠃ߁ߦޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ߪࡅ࠻⢄⚦⢩߇ࠎ⚦⢩ᩣ HepG2 ߦኻߔࠆ
᛫㉄ൻᵴᕈࠍ᦭ߒߡ޿ߚߚ߼ޔᰴߦޔࡑ࠙ࠬࠍ CCl4 ಣℂߦࠃࠆᕆᕈ⢄㓚ኂࡕ࠺
࡞ࠍ↪޿ߡᬌ⸛ߒߚޕ
 ࿑ 2-2 ߦ␜ߒߚࠃ߁ߦޔ⢄㓚ኂߩᜰᮡߣߥࠆⴊᷡ ALT ߅ࠃ߮ AST ߪޔcontrol
⟲ߪ normal ⟲ߣᲧセߒߡ᦭ᗧߦჇടߒߚޕߒ߆ߒޔ☨὾㈪☺ߩ೨ᛩਈ⟲ߢߪޔ
400 mg/kg એ਄ߩᛩਈߢ control⟲ߣᲧセߒߡⴊᷡ ALTޔAST ߇᦭ᗧߦᷫዋߒߚޕ
߹ߚޔ㉯ㅧ㈶ࠍ೨ᛩਈߒߚ⟲ߪޔ200 – 800 mg/kg ߩᛩਈߢ control ⟲ߣᲧセߒߡ
ⴊᷡ ALTޔAST ߇᦭ᗧߦᷫዋߒߚޕ100 µmol/kg ߩ tyrosol ᛩਈߦ߅޿ߡ߽ޔcontrol
⟲ߣᲧセߒߡⴊᷡ ALTޔAST ߇᦭ᗧߦᷫዋߒߚޕߐࠄߦޔ࿑ 2-3 ߦ␜ߒߚࠃ߁
ߦ CCl4 ߩߺಣ⟎ߒߚ control ⟲ߩ⢄⤳ਛߩㆊ㉄ൻ⢽⾰ߢ޽ࠆ TBARS Ớᐲߪ
normal ⟲ߣᲧセߒߡ᦭ᗧߦჇടߒߚޕߒ߆ߒޔ☨὾㈪☺߅ࠃ߮㉯ㅧ㈶ࠍ 200 – 800 
mg/kg ߢ೨ᛩਈߔࠆߎߣߦࠃࠅޔ⢄⤳ਛߩ TBARS Ớᐲ߇ᷫዋߒߚޕ100 µmol/kg
ߩ tyrosol ߩᛩਈߦ߅޿ߡ߽ޔcontrol ⟲ߣᲧセߒߡ TBARS Ớᐲ߇᦭ᗧߦᷫዋߒ
ߚޕએ਄ߩ⚿ᨐ߆ࠄޔ☨὾㈪☺ޔ㉯ㅧ㈶߅ࠃ߮ tyrosol ߩ೨ᛩਈߦࠃࠅޔ᦭ᗧߦ
ᕆᕈ⢄㓚ኂߩ෻ᔕࠍᛥ೙ߢ߈ࠆߎߣ߇ࠊ߆ߞߚޕ
⹜㛎⟲ TBARS GSH 
ᧂಣℂ 㧔normal㧕 0.28 ± 0.08 63.20 ± 7.26 
1.0 mM H2O2 㧔control ⟲㧕 0.66 ± 0.07 39.02 ± 5.48 
0.25 mg/mL ☨὾㈪☺+ H2O2  0.38 ± 0.04*  56.48 ± 1.23* 
0.5 mg/mL ☨὾㈪☺+ H2O2   0.30 ± 0.05**  58.16 ± 5.93* 
1.25 mg/mL ☨὾㈪☺+ H2O2   0.31 ± 0.05**  58.03 ± 6.15* 
2.5 mg/mL ☨὾㈪☺+ H2O2   0.22 ± 0.05**   58.84 ± 1.97** 
0.25 mg/mL ㉯ㅧ㈶+ H2O2   0.38 ± 0.05**  54.66 ± 7.26* 
0.5 mg/mL ㉯ㅧ㈶ + H2O2   0.27 ± 0.04**  59.78 ± 8.28* 
1.25 mg/mL ㉯ㅧ㈶ + H2O2   0.25 ± 0.05**  57.20 ± 7.28* 
2.5 mg/mL ㉯ㅧ㈶ + H2O2   0.29 ± 0.05**  47.26 ± 4.81* 
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࿑ 2-2 CCl4 ࠍ⣻⣧ౝߦᛩਈߒߚ 20 ᤨ㑆ᓟߩฦ⟲ߩⴊᷡਛߩ ALT ߅ࠃ߮ ASTޕ
ฦࠨࡦࡊ࡞ࠍ 5 ᣣ㑆ㅪ⛯⚻ญᛩਈߒޔ6 ᣣ⋡ߦ 10% 䋨v/v䋩CCl4/ᄢ⼺ᴤࠍ⣻⣧ౝߦ
ᛩਈߒߚޕⴊᷡਛߩ AST ߅ࠃ߮ ALT ߩᵴᕈࠍ᷹ቯߒߚޕᐔဋ୯ ± SD ߢ⴫ߒߚޕ
*P < 0.05, ** P < 0.01 vs. control ⟲
࿑ 2-3 CCl4 ࠍ⣻⣧ౝߦᛩਈߒߚ 20 ᤨ㑆ᓟߩฦ⟲ߦ߅ߌࠆ⢄⤳ਛߩㆊ㉄ൻ⢽⾰
Ớᐲޕฦࠨࡦࡊ࡞ࠍ 5 ᣣ㑆ㅪ⛯⚻ญᛩਈߒޔ6 ᣣ⋡ߦ 10% 䋨v/v䋩CCl4/ᄢ⼺ᴤࠍ⣻
⣧ౝߦᛩਈߒߚޕ⢄⤳ߩㆊ㉄ൻ⢽⾰ࠍ᷹ቯߒߚޕᐔဋ୯ ± SD ߢ⴫ߒߚޕ*P < 0.05, 
** P < 0.01 vs. control ⟲ޕ
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 GSH ߪޔ㉄ൻࠬ࠻࡟ࠬߦኻߒߡ⚦⢩ࠍ଻⼔ߔࠆᓎഀࠍᜬߞߚਥⷐߥ⚦⢩ౝ᛫
㉄ൻ‛⾰ߢ޽ࠆޕ࿑ 2-4 ߦ␜ߒߚࠃ߁ߦޔCCl4 ߩߺಣ⟎ߒߚ control ⟲ߪޔnormal
⟲ߣᲧセߒߡ㗼⪺ߦ GSH Ớᐲ߇ᷫዋߒߡ޿ߚޕߒ߆ߒޔ400, 800 mg/kg ߩ☨὾
㈪☺ߩ೨ᛩਈߦࠃߞߡޔGSH Ớᐲ߇᦭ᗧߦჇടߒߚޕ߹ߚޔ㉯ㅧ㈶ߪ 200 – 800 
mg/kg ߩ೨ᛩਈߦࠃߞߡ߽᦭ᗧߦჇടߒߚޕ100 µmol/kg ߩ tyrosol ߩᛩਈߦ߅޿
ߡ߽ޔcontrol ⟲ߣᲧセߒߡ᦭ᗧߦჇടߒߚޕGSH 㑐ㅪ㉂⚛ߣߒߡ GSH Px ߅ࠃ
߮ GSH Rd ߩᵴᕈࠍ᷹ቯߒߚ⚿ᨐޔ࿑ 2-5 ߦ␜ߒߚࠃ߁ߦޔCCl4 ߩߺಣ⟎ߒߚ
control ⟲ߢߪߘࠇߙࠇ⚂ 70㧑, ⚂ 50%ߦૐਅߒߚޕߒ߆ߒޔGSH Px ᵴᕈߪޔ400,
800 mg/kg ߩ☨὾㈪☺ߩ೨ᛩਈߦࠃߞߡ᦭ᗧߦ਄᣹ߒޔ800 mg/kg ߩ㉯ㅧ㈶ߩ೨
ᛩਈߦࠃߞߡ߽᦭ᗧߦ਄᣹ߒߚޕߐࠄߦޔGSH Rd ᵴᕈߪޔ400, 800 mg/kg ߩ☨
὾㈪☺ߩ೨ᛩਈߦࠃߞߡ᦭ᗧߦ਄᣹ߒޔ㉯ㅧ㈶ߩ೨ᛩਈߦࠃߞߡ߽௑ะ⊛ߦᵴ
ᕈ߇਄᣹ߒߚޕ100 µmol/kg ߩ tyrosol ߩᛩਈߢߪޔcontrol ⟲ߣᲧセߒߡჇടߔࠆ
௑ะࠍ␜ߒߚޕ
࿑ 2-4 CCl4 ࠍ⣻⣧ౝߦᛩਈߒߚ 20 ᤨ㑆ᓟߩฦ⟲ߦ߅ߌࠆ⢄⤳ਛߩ GSH Ớᐲޕ
ฦࠨࡦࡊ࡞ࠍ 5 ᣣ㑆ㅪ⛯⚻ญᛩਈߒޔ6 ᣣ⋡ߦ 10% 䋨v/v䋩CCl4/ᄢ⼺ᴤࠍ⣻⣧ౝߦ
ᛩਈߒߚޕ20 ᤨ㑆ᓟޔ⢄⤳ਛߩ GSH Ớᐲࠍ᷹ቯߒߚޕᐔဋ୯ ± SD ߢ⴫ߒߚޕ
*P < 0.05, ** P < 0.01 vs. control ⟲ޕ
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࿑ 2-5 CCl4 ࠍ⣻⣧ౝߦᛩਈߒߚ 20 ᤨ㑆ᓟߩฦ⟲ߦ߅ߌࠆ⢄⤳ਛߩ GSH Px ߅
ࠃ߮ GSH Rd ᵴᕈޕฦࠨࡦࡊ࡞ࠍ 5 ᣣ㑆ㅪ⛯⚻ญᛩਈߒޔ10% 䋨v/v䋩CCl4/ᄢ⼺ᴤ
ࠍ⣻⣧ౝߦᛩਈߒߚᓟߩ GSH Px ߅ࠃ߮ GSH Rd ᵴᕈޕᐔဋ୯ ± SD ߢ⴫ߒߚޕ
*P < 0.05, ** P < 0.01 vs. control ⟲ޕ
2.3 ᐓẟߩᵺൻ⢻ౣ↢ᛛⴚߩ㐿⊒
䋨1䋩 ✜⸒
 ࠊࠇࠊࠇߪᐓẟⅣႺࠍᡷༀߔࠆ਄ߢᓸ↢‛ߦ⌕⋡ߒߚޕᓸ↢‛ߪ⥄ὼⅣႺߦ
߅ߌࠆ㊀ⷐߥಽ⸃⠪ߢ޽ࠅޔᐓẟߦ߅޿ߡߪᅢ᳇⊛ⅣႺߣህ᳇⊛ⅣႺߩᄌൻߩ
ਛߢᅢ᳇ᕈᓸ↢‛ߣህ᳇ᕈᓸ↢‛߇දജߒޔ᦭ᯏ‛ࠍಽ⸃ߔࠆߎߣߢⅣႺᵺൻ
ߦነਈߒߡ޿ࠆޕߎߩߚ߼ޔᓸ↢‛ߦ૗ࠄ߆ߩ࠳ࡔ࡯ࠫߦࠃࠆᄌൻ߇⿠ߎࠆߎ
ߣߦࠃࠅޔᐓẟߩᵺൻ⢻ജ߇ૐਅߒᐓẟⅣႺ߇ᖡൻߒߡ޿ࠆߩߢߪߥ޿߆ߣ⠨
߃ࠄࠇࠆޕߒ߆ߒޔߤߩࠃ߁ߥᓸ↢‛߇ߤߩࠃ߁ߥ૞↪ߦࠃࠅᐓẟߩⅣႺᵺൻ
ߦነਈߒߡ޿ࠆ߆ߪ߶ߣࠎߤႎ๔ߐࠇߡ޿ߥ޿ߩ߇ታᖱߢ޽ࠆޕ
 ߘߎߢޔ᳓૏Ꮕࠍ೑↪ߒߡၸⓍ‛ਛߦ਄ጀ᳓ࠍャㅍߔࠆᛛⴚޟੱᎿᎽⓣޠࠍ
⃻࿾ߦㆡ↪ߒޔ᦭ᯏ‛ಽ⸃ߩଦㅴ߿ᐩ⾰ߩᅢ᳇ൻߦࠃࠆᐓẟᐩ⾰ᡷༀᛛⴚߩ⏕
┙ࠍ⋡⊛ߣߒߚޕߘߒߡޔੱᎿᎽⓣ⸳⟎ߩലᨐࠍಽሶ↢‛ቇ⊛ᚻᴺߦࠃࠅᓸ↢
‛࡟ࡌ࡞ߢ⹏ଔߒߚޕ⃻࿾⹜㛎ߪṚᎹ⎇ⓥቶ߇ᜂᒰߒޔࠊࠇࠊࠇߪᓸ↢‛ቇ⊛
⸃ᨆࠍⴕߞߚޕ
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 ಽሶ↢‛ቇ⊛ᚻᴺࠍ↪޿ߡᓸ↢‛⟲㓸ߩ⸃ᨆࠍⴕߞߚℂ↱ߣߒߡߪޔ⥄ὼ⇇
ߦ߅޿ߡၭ㙃น⢻ߥᓸ↢‛ߪ0.1㨪1%⒟ᐲߣ޿ࠊࠇߡ߅ࠅޔᶏᵗᓸ↢‛ߦ߅޿ߡ
ߪᶏ᳓ਛߢ0.001㨪0.1%ޔᐩᵆਛߢ0.25%ߒ߆ၭ㙃ߢ߈ߥ޿ߚ߼ޔၭ㙃ᴺߦࠃࠆ⸃
ᨆߢߪⅣႺᓸ↢‛⟲㓸߇චಽߦ෻ᤋߐࠇߥ޿ߚ߼ߢ޽ࠆޕ
 ੹࿁ߪޔᓸ↢‛߇ઍ⻢ࠍⴕ߁㓙ߦ௛ߊᯏ⢻ᕈㆮવሶߦ⌕⋡ߒߚޕᯏ⢻ᕈㆮવ
ሶࠍᮡ⊛ߣߒߡᓸ↢‛⟲㓸ࠍ⸃ᨆߔࠆࡔ࡝࠶࠻ߣߒߡߪޔᐓẟⅣႺߦ߅޿ߡ㊀
ⷐߥᓎഀࠍᜂ߁‛⾰㧔⓸⚛߿⎫㤛ߥߤ㧕ߩઍ⻢ߦ㑐ਈߔࠆᓸ↢‛ࠍࡇࡦࡐࠗࡦ
࠻ߢ⸃ᨆߢ߈ࠆὐߦ޽ࠆޕ޽ࠆ‛⾰ࠍઍ⻢ߔࠆᯏ⢻ࠍᜬߞߚᓸ↢‛ߩࡐࡇࡘ࡟
࡯࡚ࠪࡦߩჇᷫ߿࠳ࠗࡃ࡯ࠪ࠹ࠖߩᄌൻࠍࡕ࠾࠲࡝ࡦࠣߔࠆߎߣ߇ߢ߈ࠇ߫ޔ
⃻࿷ߩ᦭᣿ᶏᐓẟߦ߅ߌࠆ‛⾰ߩᓴⅣ߿ߘߎߢ௛ߊᓸ↢‛⒳ߦኻߔࠆ⍮⷗ࠍᓧ
ࠆߎߣ߇ߢ߈ޔ᦭᣿ᶏᐓẟⅣႺߩᡷༀߦᓎ┙ߟߣ⠨߃ࠄࠇࠆޕ
䋨2䋩 ታ㛎ᣇᴺ
a) ᐓẟᐩᵆࠨࡦࡊ࡞߆ࠄߩ DNA ᛽಴
 50 ml ኈࡈࠔ࡞ࠦࡦ࠴ࡘ࡯ࡉߦ౉ߞߚᐓẟᐩᵆࠨࡦࡊ࡞ࠍᓸ㊂㜞ㅦ㆙ᔃᯏ
㧔TOMY MX-301㧕ߢ㆙ᔃಽ㔌ߒޔᓧࠄࠇߚ਄ᷡ㧔㑆㓗᳓㧕ߪ 15 ml ኈࡈࠔ࡞ࠦ
ࡦ࠴ࡘ࡯ࡉߦ⒖ߒޔ㧙20͠ߢ଻ሽߒߚޕ㆙ᔃᓟޔᱷߞߚᐩᵆߦṌ⩶ߒߚ 1PBS
ṁᶧࠍട߃ߡ Ộߒ㆙ᔃಽ㔌ߒߚޕ਄ᷡࠍᝥߡޔᱷߞߚᐩᵆߦṌ⩶ߒߚ 1PBS
ṁᶧࠍട߃ߡ Ộߒޔߎࠇࠍ 6 ᧄߩ 1.5 ml ኈࠛ࠶ࡍࡦ࠼࡞ࡈ࠴ࡘ࡯ࡉߦಽᵈߒޔ
DNA ᛽಴↪ࠨࡦࡊ࡞ߣߒߚޕ50 ml ኈࡈࠔ࡞ࠦࡦ࠴ࡘ࡯ࡉߦᱷߞߚ Ộ‛ߪ
10,000 rpm࡮4͠࡮10 ಽ㑆㆙ᔃಽ㔌ߒޔ਄ᷡࠍᝥߡߚᓟ㧙80͠ߢ଻ሽߒߚޕDNA
᛽಴ߦߪ Fast DNA SPIN Kit for Soil ࠍ૶↪ߒߚޕ
b䋩 DGGE ᴺߦࠃࠆᯏ⢻ᕈㆮવሶࠍᮡ⊛ߣߒߚᓸ↢‛⟲㓸ߩ⸃ᨆ
 ⎫㤛ઍ⻢ߦ㑐ଥߔࠆ dsrB߅ࠃ߮⓸⚛ઍ⻢ߦ㑐ଥߔࠆ amoA, nirS ߩ㧟⒳㘃ߩᯏ
⢻ᕈㆮવሶߦ⌕⋡ߒޔᄌᕈ೷Ớᐲ൨㈩ࠥ࡞㔚᳇ᵒേ 䋨DGGE䋩 ߦࠃࠅ⸃ᨆߒߚޕ
ᢥ₂⺞ᩏࠍⴕ߁ߎߣߢฦㆮવሶࠍ PCR Ⴧ᏷ߔࠆߚ߼ߩ primer ࠍ⸳⸘ߒޔᦨㆡߥ
෻ᔕ᧦ઙߢ 35 cycle ߩ PCR ෻ᔕࠍⴕߞߚޕDGGE ߦ߅ߌࠆᵒേ᧦ઙߪޔ੍஻ᬌ
⸛ߦࠃߞߡ᳿ቯߒߚޕ
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ኤ⠨ߣᨐ⚿ 䋩3䋨
 EGGD ߚߒߣ⊛ᮡࠍၞ㗔ሶવㆮ Brsd ߩ⩶రㆶ㉄⎫ 䋩a
EGGD ߚߒߣ⊛ᮡࠍၞ㗔ሶવㆮBrsd ࠆߌ߅ߦ࡞ࡊࡦࠨᓟ⋥⟎⸳ⓣᎽᎿੱ 1-3 .giF
ࡦࡃߚࠇࠄᓧ߇ᣇߩጀ਄߽ࠅࠃጀ⴫ޔߪߡ޿߅ߦၞẟᐓߩᓟ⋥⟎⸳ⓣᎽᎿੱ 
ህޔ߼ߚࠆ޽ߢႺⅣߥ⊛᳇ᅢ߽ࠅࠃጀ਄߇ጀ⴫ޔߪࠇߎޕߚߞ߆ᄙ߇ᢙᧄߩ࠼
ߦၞᶏޕߚࠇࠄ߃⠨ߣࠆ޽ߢ߼ߚ޿ૐ߇ࡦ࡚ࠪ࡯࡟ࡘࡇࡐߩ⩶రㆶ㉄⎫ߩᕈ᳇
ޔߪࠇߎޕߚߞ߆ߥࠇࠄ⷗ߪᏅߥ⪺㗼ߦࡦ࡯࠲ࡄ࠼ࡦࡃߩߢጀ਄ߣጀ⴫ߪߡ޿߅
߽ࠅࠃጀ⴫ߩၞẟᐓ߇ጀ⴫ߩၞᶏޔ߼ߚࠆ޿ߡࠇࠊⷒߢ᳓ᶏߦᏱ߽ጀ⴫ߪၞᶏ
ࠨߩࠇߙࠇߘߩᓟ⋥⟎⸳ޕߚࠇࠄ߃⠨ߣࠆ޽ߢ࿃ⷐ߇ߣߎࠆ޽ߢႺⅣߥ⊛᳇ህ
Ყࠍࡦ࡯࠲ࡄ࠼ࡦࡃߚࠇࠄᓧࠄ߆඙セᲧߣࡦ࡯࠲ࡄ࠼ࡦࡃߚࠇࠄᓧࠄ߆࡞ࡊࡦ
ޕߚߞ߆ߥࠇࠄ⷗ߪൻᄌߥ⪺㗼ޔࠈߎߣߚߒセ
਄߽ࠅࠃጀ⴫ߪߡ޿߅ߦၞẟᐓߦ᭽หߣᓟ⋥⟎⸳ߪߢᓟ㑆ㅳ 2 ⟎⸳ⓣᎽᎿੱ 
޿ᒝ߇ᣇߩጀ⴫߽ࠅࠃጀ਄ߪߡ޿߅ߦၞᶏޕߚߞ߆ᄙ߇ᢙᧄߩ࠼ࡦࡃ߇ᣇߩጀ
ࠇࠄᓧࠄ߆࡞ࡊࡦࠨߩࠇߙࠇߘߩᓟ㑆ㅳ 2 ⟎⸳ޕߚࠇߐ಴ᬌ߇ࡦ࡯࠲ࡄ࠼ࡦࡃ
⸳ޔࠈߎߣߚߒセᲧࠍࡦ࡯࠲ࡄ࠼ࡦࡃߚࠇࠄᓧࠄ߆඙セᲧߣࡦ࡯࠲ࡄ࠼ࡦࡃߚ
߈ᄢߩⓣᎽᎿੱޔࠄ߆ߣߎߩߎޕߚߞ߆ߥࠇࠄ⷗ߪൻᄌߥ⪺㗼ߦ᭽หߣᓟ⋥⟎
ޕߚࠇߐໂ␜߇ߣߎ޿ߥ޿ߡࠇ⃻ߛ߹ߪߢ㑆ㅳ 2 ⟎⸳ߪᨐലߥ
ߪߦࡦ࡯࠲ࡄ࠼ࡦࡃߚࠇࠄᓧࠄ߆ߢጀ਄ߣጀ⴫ޔߪߢᓟ᦬ࡨ 6 ⟎⸳ⓣᎽᎿੱ 
߹ᓟ㑆ㅳ 2 ⟎⸳ߪߢጀਅ߮ࠃ߅ጀਛޔߒ߆ߒޕߚߞ߆ߥࠇࠄ⷗ߪ㆑⋧ߤࠎߣ߶
ࠇࠄᓧࠄ߆඙セᲧߪߡ޿߅ߦጀਛޕߚࠇࠄ⷗߇ൻᄌߥ⪺㗼ߚߞ߆ߥࠇࠄ⷗ߪߢ
ߥߊ⭯ߦ߆ࠄ᣿߇ࡦ࡯࠲ࡄߩࡊࠗ࠲ሼ U ߣࡊࠗ࠲ࡦ࡯࡟࠼ߡߴᲧߦࡦ࡯࠲ࡄߚ
ᓟ⋥⟎⸳
ၞẟᐓ
ጀ਄ ጀ⴫
HDMU U M D H
ᓟ⋥⟎⸳
ၞᶏ
ጀ਄ ጀ⴫
HDMU U M D H
ᓟ㑆ㅳ2⟎⸳
ၞᶏ
ጀ਄ ጀ⴫
HDMU U M D H
ᓟ㑆ㅳ2⟎⸳
ၞẟᐓ
ጀ਄ ጀ⴫
HDMU U M D H
䋩ᣉታᣣ31᦬7ᐕ6002䋨 䋩ᣉታᣣ72᦬2ᐕ6002䋨 䋩ᣉታᣣ21᦬7ᐕ6002䋨 䋩ᣉታᣣ41᦬2ᐕ6002䋨
඙⟎⸳䊒䉟䉺ሼU䋺U䇮඙⟎⸳䊒䉟䉺䊮䊷䊧䊄XAM䋺M䇮඙⟎⸳䊒䉟䉺䊮䊷䊧䊄䋺D䇮඙セᲧ䈇䈭䈇䈩䈚⟎⸳䉕ⓣᎽ䋺H
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ߞߡ޿ߚޕ߹ߚޔਅጀߦ߅޿ߡߪᲧセ඙ߩࡄ࠲࡯ࡦߦᲧߴߡ MAX ࠼࡟࡯ࡦ࠲ࠗ
ࡊߣ U ሼ࠲ࠗࡊߩࡄ࠲࡯ࡦ߇᣿ࠄ߆ߦ⭯ߊߥߞߡ޿ߚޕߎߩࠃ߁ߦޔੱᎿᎽⓣ
ࠍ⸳⟎ߒߚࠨࠗ࠻ߩᐩ⾰߇ᅢ᳇⊛ߦߥࠅህ᳇ᕈߩ⎫㉄ㆶర⩶ߩࡐࡇࡘ࡟࡯࡚ࠪ
ࡦ߇ᷫዋߒߚߎߣࠍ␜ໂߒߡ޿ߚޕ
Fig. 3-2 ੱᎿᎽⓣ⸳⟎6ࡨ᦬ᓟࠨࡦࡊ࡞ߦ߅ߌࠆdsrBㆮવሶ㗔ၞࠍᮡ⊛ߣߒߚDGGE
Fig. 3-3 ੱᎿᎽⓣ⸳⟎9ࡨ᦬ᓟࠨࡦࡊ࡞ߦ߅ߌࠆdsrBㆮવሶ㗔ၞࠍᮡ⊛ߣߒߚDGGE
⸳⟎6䊱᦬ᓟ
ᐓẟၞ
⴫ጀ ਄ጀ
H D M U UMDH
⸳⟎6䊱᦬ᓟ
ᐓẟၞ
ਛጀ ਅጀ
H D M U UMDH
⸳⟎6䊱᦬ᓟ
ᶏၞ
⴫ጀ ਄ጀ
M U UMDH
⸳⟎6䊱᦬ᓟ
ᶏၞ
ਛጀ ਅጀ
H D M U UMDH
䋨2006ᐕ8᦬25ᣣታᣉ䋩 䋨2006ᐕ9᦬22ᣣታᣉ䋩 䋨2006ᐕ11᦬16ᣣታᣉ䋩 䋨2006ᐕ11᦬8ᣣታᣉ䋩
H䋺Ꮍⓣ䉕⸳⟎䈚䈩䈇䈭䈇Ყセ඙䇮D䋺䊄䊧䊷䊮䉺䉟䊒⸳⟎඙䇮M䋺MAX䊄䊧䊷䊮䉺䉟䊒⸳⟎඙䇮U䋺Uሼ䉺䉟䊒⸳⟎඙
⸳⟎9䊱᦬ᓟ
ᐓẟၞ
⴫ጀ ਄ጀ
H D M U UMDH
⸳⟎9䊱᦬ᓟ
ᐓẟၞ
ਛጀ ਅጀ
H D M U UMDH
⸳⟎9䊱᦬ᓟ
ᶏၞ
⴫ጀ ਄ጀ
H D M U UMDH
⸳⟎9䊱᦬ᓟ
ᶏၞ
ਛጀ ਅጀ
H D M U UMDH
䋨2006ᐕ12᦬4ᣣታᣉ䋩䋨2006ᐕ12᦬29ᣣታᣉ䋩 䋨2007ᐕ1᦬10ᣣታᣉ䋩 䋨2007ᐕ1᦬11ᣣታᣉ䋩
H䋺Ꮍⓣ䉕⸳⟎䈚䈩䈇䈭䈇Ყセ඙䇮D䋺䊄䊧䊷䊮䉺䉟䊒⸳⟎඙䇮M䋺MAX䊄䊧䊷䊮䉺䉟䊒⸳⟎඙䇮U䋺Uሼ䉺䉟䊒⸳⟎඙
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࠲ࡦ࡯࡟࠼ XAM ߮ࠃ߅ࡊࠗ࠲ࡦ࡯࡟࠼ޔߪߢ࡞ࡊࡦࠨᓟ᦬ࡨ 9 ⟎⸳ⓣᎽᎿੱ 
ޕߚ޿ߡߞߥߊ⭯ߦ⪺㗼ߡߴᲧߦ඙セᲧ߇ࡦ࡯࠲ࡄ࠼ࡦࡃߩၞ඙ߚߒ⟎⸳ࠍࡊࠗ
ߦ᣿㞲߇࠼ࡦࡃߩㇱ਄ޔࠅߥߊ⭯߇࠼ࡦࡃᐓ⧯ࠅࠃ඙セᲧ߽ࡊࠗ࠲ሼ Uޔߚ߹
඙⟎⸳ⓣᎽᎿੱߣ඙セᲧߢ߹ጀਅࠄ߆ጀ⴫ߪߡ޿ߟߦ࡞ࡊࡦࠨၞᶏޕߚࠇࠄ⷗
޽ߦਅߩ᳓ᶏߦᏱ߇ᵆᐩߪߢၞᶏޕߚߞ߆ߥࠇࠄ⷗ߪൻᄌߦࡦ࡯࠲ࡄ࠼ࡦࡃߩ
ߣߎ޿ߥߒㆫᄌߦᘒ⁁ߥ⊛᳇ᅢߦ߁ࠃߩၞẟᐓ߽ߡߒ⟎⸳ࠍⓣᎽᎿੱߦ߼ߚࠆ
ޕߚࠇߐໂ␜߇
EGGD ߚߒߣ⊛ᮡࠍၞ㗔ሶવㆮAoma ߩ⩶⚦ൻ㉄ࠕ࠾ࡕࡦࠕ 㧕b
ޔ඙⟎⸳ࡊࠗ࠲ࡦ࡯࡟࠼㧦Dޔ඙セᲧ޿ߥ޿ߡߒ⟎⸳ࠍⓣᎽ㧦H
඙⟎⸳ࡊࠗ࠲ሼ U㧦Uޔ඙⟎⸳ࡊࠗ࠲ࡦ࡯࡟࠼ XAM㧦M
EGGDߚߒߣ⊛ᮡࠍၞ㗔ሶવㆮAoma ࠆߌ߅ߦ࡞ࡊࡦࠨᓟ⋥⟎⸳ⓣᎽᎿੱ 4-3 .giF
㆑ߥ⪺㗼ߦࡦ࡯࠲ࡄ࠼ࡦࡃߩ඙⟎⸳ⓣᎽᎿੱߣ඙セᲧߪߢᓟ⋥⟎⸳ⓣᎽᎿੱ 
ߎޔ߇ߚߞ߆⭯߇࠼ࡦࡃߦ⊛૕ోߪߢጀ਄ߡߴᲧߦጀ⴫ޕߚߞ߆ߥࠇࠄ⷗ߪ޿
ߩ⩶⚦ൻ㉄ࠕ࠾ࡕࡦࠕߦ߼ߚࠆߥߊߥዋ߇Ḯ⚛⓸ߡࠇߟߦࠆߥߊᷓ߇ᐲᷓߪࠇ
ޕߚࠇࠄ߃⠨ߣࠆ޽ߢ߼ߚࠆߔዋᷫ߇ࡦ࡚ࠪ࡯࡟ࡘࡇࡐ
ߎ߁ⴕߪߡ޿߅ߦᓟ⋥⟎⸳ⓣᎽᎿੱߪ EGGD ߚߒߣ⊛ᮡࠍၞ㗔ሶવㆮ Aoma 
ߎޕߚߞ߆ߥࠄߎ⿠߇᏷Ⴧ RCP ߪߡ޿ߟߦ࡞ࡊࡦࠨߩ㒠એࠇߘޔ߇ߚ߈ߢ߇ߣ
ߣࠆ޽ߢㆡਇߪߦᨆ⸃ߩ㓸⟲‛↢ᓸߩႺⅣẟᐓߪၞ㗔ሶવㆮ Aoma ࠄ߆ᨐ⚿ߩ
ޕߚ߃⠨
ᓟ⋥⟎⸳
ၞẟᐓ
ጀ਄ ጀ⴫
HDMU U M D H
䋩ᣉታᣣ42᦬01ᐕ6002䋨
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c㧕 ⣕⓸⩶ߩ nirS ㆮવሶ㗔ၞࠍᮡ⊛ߣߒߚ DGGE
 ੱᎿᎽⓣ⸳⟎⋥ᓟࠨࡦࡊ࡞ߢߪᐓẟၞߣᶏၞߣ߽ߦᲧセ඙ࠨࡦࡊ࡞ߣੱᎿᎽ
ⓣ⸳⟎඙ၞࠨࡦࡊ࡞ߩࡃࡦ࠼ࡄ࠲࡯ࡦߦ㗼⪺ߥᄌൻߪ⷗ࠄࠇߥ߆ߞߚޕߒ߆ߒޔ
⸳⟎ 9 ࡨ᦬ᓟࠨࡦࡊ࡞ߢߪᐓẟၞߩ਄ጀߦ߅޿ߡ࠼࡟࡯ࡦ࠲ࠗࡊ⸳⟎඙ࠨࡦࡊ
࡞ߩࡃࡦ࠼ࡄ࠲࡯ࡦ߇Ყセ඙ߦᲧߴߡ㕖Ᏹߦ⭯ߊߥߞߡ޿ߚޕᧄࠨࡦࡊ࡞ߪ
DGGE ࠨࡦࡊ࡞⺞⵾↪ߩ PCR ߦ߅޿ߡჇ᏷߇⿠ߎࠅߦߊߊޔDGGE ࠨࡦࡊ࡞Ớ
ᐲ߽ઁߦᲧߴߡ⭯߆ߞߚޕDGGE ߩ⚿ᨐߛߌߢߪ nirS ଻᦭ᓸ↢‛ߦኻߔࠆੱᎿ
Ꮍⓣ⸳⟎ߩᓇ㗀ࠍ⹏ଔߔࠆߩߦਇචಽߢ޽ࠆߣ⠨߃ࠄࠇޔ੹ᓟቯ㊂ PCR ࠍวࠊ
ߖߡⴕ߁ߎߣߢޔੱᎿᎽⓣ⸳⟎ߦࠃࠆ nirS ଻᦭ᓸ↢‛ߩࡐࡇࡘ࡟࡯࡚ࠪࡦ߳ߩ
ᓇ㗀ߦ㑐ߔࠆ⹦⚦ߥ⍮⷗ࠍᓧࠆߎߣ߇ߢ߈ࠆߣ⠨߃ࠄࠇߚޕ
Fig. 3-5 ੱᎿᎽⓣ⸳⟎⋥ᓟ߅ࠃ߮⸳⟎ 9 ࡨ᦬ᓟࠨࡦࡊ࡞ߦ߅ߌࠆ nirS ㆮવሶ
㗔ၞࠍᮡ⊛ߣߒߚ DGGE
 ߎߩࠃ߁ߦޔ⸳⟎ 9 ࡨ᦬ᓟߢߪ࠼࡟࡯ࡦ࠲ࠗࡊ⸳⟎඙ߩࡃࡦ࠼ࡄ࠲࡯ࡦ߇ઁ
ߣᲧߴߡ⭯ߊߥߞߡ޿ߚޕߎࠇߪޔ૞⵾ߐࠇߚੱᎿᎽⓣ߇ᧄ᧪ߪਛጀ߿ਅጀߣ
޿ߞߚᐩ⾰ᷓጀㇱߦኻߒߡലᨐࠍ⊒ើߔࠆ߽ߩߢ޽ߞߚ߇ޔ9 ࡨ᦬ߣ޿߁㐳ᦼ㑆
ߦᷰࠆ⸳⟎ࠍⴕߞߚߎߣߢޔᷓጀㇱߢ⿠ߎߞߚᅢ᳇⊛ⅣႺ߳ߩ⒖ⴕߣ޿߁ᡷༀ
ലᨐ߇਄ጀ߽߳વ᠞ߒߡ߈ߚ⚿ᨐߢ޽ࠆߣ⠨߃ࠄࠇߚޕ
⸳⟎⋥ᓟ
ᐓẟၞ
⴫ጀ ਄ጀ
H D M U UMDH
⸳⟎⋥ᓟ
ᶏၞ
⴫ጀ ਄ጀ
H D M U UMDH
䋨2006ᐕ12᦬7ᣣታᣉ䋩
⸳⟎9䊱᦬ᓟ
ᐓẟၞ
⴫ጀ ਄ጀ
H D M U UMDH
⸳⟎9䊱᦬ᓟ
ᶏၞ
⴫ጀ ਄ጀ
H D M U UMDH
䋨2007ᐕ1᦬16ᣣታᣉ䋩 䋨2007ᐕ1᦬15ᣣታᣉ䋩 䋨2007ᐕ1᦬12ᣣታᣉ䋩
H䋺Ꮍⓣ䉕⸳⟎䈚䈩䈇䈭䈇Ყセ඙䇮D䋺䊄䊧䊷䊮䉺䉟䊒⸳⟎඙䇮M䋺MAX䊄䊧䊷䊮䉺䉟䊒⸳⟎඙䇮U䋺Uሼ䉺䉟䊒⸳⟎඙
67
 ↢‛୘૕⒳ߣ㊂߅ࠃ߮‛ℂൻቇ⊛ߥಽᨆ⚿ᨐߢߪ㗼⪺ߥᄌൻߪ޽߹ࠅ⷗ࠄࠇ
ߥ߆ߞߚ߇ޔᓸ↢‛ߩฦᯏ⢻ᕈㆮવሶ㗔ၞࠍᮡ⊛ߣߒߚ DGGE ߦ߅޿ߡߪੱᎿ
Ꮍⓣ⸳⟎ߦࠃࠆᐓẟᐩ⾰ⅣႺߩᡷༀലᨐ߇⏕⹺ߐࠇߚޕ߹ߚޔߘߩലᨐߪ৻ᤨ
⊛ߥ߽ߩߢߪߥߊޔ㐳ᦼ⸳⟎ࠍⴕ߁ߎߣߢਛጀ߿ਅጀ߆ࠄ਄ጀ߳ߣᡷༀലᨐ߇
વ᠞ߒߡ޿ߊ߽ߩߢ޽ࠆߎߣ߽␜ໂߐࠇߚޕ
㧟㧚ᚑᨐߩ㆐ᚑᐲ
 㗔ၞ㧔A㧕߅ࠃ߮㧔B㧕ߦ߅޿ߡචಽߥࠆᚑᨐࠍᓧࠆߎߣ߇ߢ߈ߚޕ
㧠㧚ᐔᚑ 19ᐕᐲߩ⋡⊛࡮⋡ᮡ
 㗔ၞ㧔A㧕ߢߪޔታ㓙ߩᐓẟߦ߅ߌࠆ㉄ൻㆶర⁁ᘒߣ⎫㤛ࠨࠗࠢ࡞ߩ㑐ଥࠍ᣿
ࠄ߆ߦߒޔᓸ↢‛↢ᘒ♽ߣᐓẟⅣႺᡷༀߩ㑐ଥࠍ᣿ࠄ߆ߦߒߚ޿ޕ㗔ၞ㧔B㧕ߢ
ߪޔⅣႺ⽶⩄ߣߥࠆ᭽ޘߥ᦭ᯏ♽ᑄ᫈‛ߩࡔ࠲ࡦ⊒㉂߿ࠛ࠲ࡁ࡯࡞⊒㉂ࠍ೑↪
ߒߚ᦭ല೑↪ᛛⴚߦ㑐ߒߡ⛮⛯ߒߡᬌ⸛ࠍⴕ߁ޕ߹ߚޔ㘩ຠ߿㉯ㅧᎿ⒟߆ࠄឃ
಴ߐࠇࠆ᦭ᯏ♽ࡃࠗࠝࡑࠬ߆ࠄᯏ⢻ᕈ㘩ຠࠍ⵾ㅧߒޔߘߩ↢ℂᵴᕈ߿૞↪ᯏ᭴
ࠍ᣿⏕ߦߔࠆߎߣߢ㜞ઃടଔ୯ൻࠍ⋡ᜰߔޕߎࠇࠄߩᛛⴚߦࠃࠅޔᓥ᧪ߩਛ㑆
ಣಽψၒ┙ಣಽߣ޿ߞߚᣢሽߩಣℂᛛⴚࠍ೑ᵴ↪ᛛⴚߦᄌ឵ߔࠆߎߣߢޔ㒽਄
⽶⩄ߩシᷫ߿࿾⃿᷷ᥦൻ㒐ᱛߦߟߥߍߚ޿ޕ
㧡㧚ᐔᚑ 18ᐕᐲߩ⎇ⓥ⾌ขᓧ⁁ᴫ
䋨㧕ฃ⸤⎇ⓥ㧔0'&1䋩ޔᐕޔ౞ޔࡃࠗࠝࡑࠬࠛࡀ࡞ࠡ࡯㜞ല₸ォ
឵ᛛⴚ㐿⊒㧛ࡃࠗࠝࡑࠬࠛࡀ࡞ࠡ࡯వዉ⎇ⓥ㐿⊒㧛ㇺᏒဳࡃࠗࠝࡑࠬ⾗Ḯ߆ࠄ
ߩ㜞ല₸ੑᲑ⊒㉂ߦࠃࠆΆᢱ↪ࠛ࠲ࡁ࡯࡞⵾ㅧᛛⴚߩ㐿⊒
䋨㧕ฃ⸤⎇ⓥ㧔䋨ᩣ䋩ࠅࠀ߁ߖ߈䋩ޔᐕޔ౞ޔⅣႺ⋭ ᐔᚑᐕᐲ
࿾⃿᷷ᥦൻኻ╷ᛛⴚ㐿⊒੐ᬺ㧔ᴒ✽↥♧Ᵽ߆ࠄߩΆᢱ↪ࠛ࠲ࡁ࡯࡞↢↥ࡊࡠ࠮
ࠬ㐿⊒෸߮'╬ታ⸽ታ㛎㧛ᴒ✽↥♧Ᵽߩㆡ↪ᕈ╬ߦ㑐ߔࠆ⎇ⓥ㐿⊒㧕
䋨㧕ฃ⸤⎇ⓥ㧔਻Ꮊᴒ✽ㄘᬺ⎇ⓥ࠮ࡦ࠲࡯䋩ޔᐕޔ౞ޔᨋ↥ᱷߐޔ
㘩ຠᱷߐ╬ᧂ೑↪ࡃࠗࠝࡑࠬߩᓴⅣ࡮೑↪ࠪࠬ࠹ࡓߩ㐿⊒
䋨㧕ฃ⸤⎇ⓥ㧔਻Ꮊᴒ✽ㄘᬺ⎇ⓥ࠮ࡦ࠲࡯䋩ޔᐕޔ౞ޔධ਻Ꮊ⇌
૞࿾ၞߦ߅ߌࠆ࠯ࡠࠛࡒ࠶࡚ࠪࡦဳࠞࠬࠤ࡯࠼೑↪ࠪࠬ࠹ࡓߩ㐿⊒
䋨㧕⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌㧔ᾢᧄᄢቇઍ⴫㧦ṚᎹవ↢䋩ޔᐕޔ౞ޔ
ᐩ⾰ᯏ⢻ߩᓸ↢‛ቇ⊛⹏ଔߣᡷༀᛛⴚߩᬌ⸛
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䋨㧕⑼⎇⾌ޔᐕޔ౞ޔᄤὼࡎ࡞ࡕࡦ㒰෰ࠍ฽߻ኅ⇓♮ዩ࡮↢ߏߺ
ᷙว‛ߩ㜞ല₸ࠨ࡯ࡑ࡞࡝ࠨࠗࠢ࡞ᛛⴚߩ㐿⊒
䋨㧕⑼⎇⾌ޔᐕޔ౞ޔ὾㈪⫳⇐ᑄᶧ᦭ല೑↪ߩߚ߼ߩ᛫⣲≌ᵴᕈ
ᚑಽߩ⸃᣿
䋨㧕⑼⎇⾌ޔᐕޔ౞ޔ὾㈪☺߅ࠃ߮὾㈪☺߆ࠄ⵾ㅧߒߚ㉯ㅧ㈶߇᦭
ߔࠆࡑ࠙ࠬ࿕ᒻ⣲≌ߩჇᱺᛥ೙ᯏᐨߩ⸃᣿
䋨㧕౒ห⎇ⓥ㧔ℰ㣔䋨ᩣ䋩䋩ޔᐕޔ౞ޔ࠯ࡠࠛࡒ࠶࡚ࠪࡦ὾㈪࡮ஜ
ᐽ㈶⵾ㅧᛛⴚߩታ⸽ߣ੐ᬺൻ
䋨㧕౒ห⎇ⓥ㧔䋨ᩣ䋩ࡃࠗࡈࠔ䋩ޔᐕޔ౞ޔᑄ㉂Უᑄᶧಣℂᣇᴺߩ
ᬌ⸛
䋨㧕౒ห⎇ⓥ㧔ධ࿖⥝↥䋨ᩣ䋩䋩ޔᐕޔ౞ޔ᦭ᯏᕈᑄ᫈‛ߩࠨ࡯ࡑ࡞
࡝ࠨࠗࠢ࡞ߦ㑐ߔࠆ⎇ⓥ
䋨㧕౒ห⎇ⓥ㧔ർᶏ㆏ㄘᬺදห⚵วਛᄩળ䋩ޔᐕޔ౞ޔㄘ↥‛߆ࠄ
ߩࡃࠗࠝࠛ࠲ࡁ࡯࡞↢↥ࠪࠬ࠹ࡓߩ᭴▽
䋨㧕౒ห⎇ⓥ㧔᧲੩ⅽᣁ䋨ᩣ䋩䋩ޔᐕޔ౞ޔ⊒㉂ߦ㑐ߔࠆ౒ห⎇ⓥ
䋨㧕ነઃ㊄㧔ධ࿖⥝↥䋨ᩣ䋩䋩ޔᐕޔ౞
䋨㧕ነઃ㊄㧔䋨⽷䋩ࠕ࡞ࠦ࡯࡞දળ䋩ޔᐕޔ౞
䋨㧕ነઃ㊄㧔ߊ߹߽ߣ࠹ࠢࡁ↥ᬺ⽷࿅䋩ޔᐕޔ౞ޔ↢ࠧࡒߩ㞲ᐲ଻
ᜬᛛⴚ߅ࠃ߮ߘߩ೑ᵴ↪ᛛⴚߩ㐿⊒
䋨㧕ነઃ㊄㧔਻Ꮊ㔚ᛛ㐿⊒䋨ᩣ䋩䋩ޔᐕޔ౞
䋨㧕ነઃ㊄㧔ᣂᣣ㋕ࠛࡦࠫ࠾ࠕ࡝ࡦࠣ䋨ᩣ䋩䋩ޔᐕޔ౞
㧣㧚ᐔᚑ 18ᐕᐲߩ⎇ⓥ⊒⴫ޔ․⸵⁁ᴫ
䋨1䋩 ේ⪺⺰ᢥߦࠃࠆ⊒⴫ ⸘ 10 ઙ
a䋩 ๺ᢥ⹹
1䋩 ᫪᧛ ⨃ޔ㊀᧻ ੧ޔഏ ಫޔ✜ᣇᥓᚑޔ㊁ਛᢘᱜޔᧁ↰ᑪᰴ
⊒ᵃࡐ࡝ࠬ࠴࡟ࡦ⵾ኈེߦࡇ࡝ࠫ࠾࠙ࡓၮࠍዉ౉ߒߚ᮸⢽ߩᓸ↢‛ઃ⌕↪
ᜂ૕ߣߒߡߩ⹏ଔޔ
ᑄ᫈‛ቇળ⹹ޔ17, 135-141 䋨2006㧕.
2䋩 Ⓑ၂⑲৻㇢ޔ᫪᧛ ⨃ޔᮭ⮮๺ୃޔḡ ጪℙޔ⧂Ꮉᶈᔒޔᧁ↰ᑪᰴ
ࠛ࠲ࡁ࡯࡞⊒㉂ㆊ⒟ߢ↢ᚑߔࠆࠕࡐ࠻࡯ࠪࠬ⺃ዉ‛⾰࡮࠻࡝ࡊ࠻ࡈࠜ࡯࡞
ᣣᧄ㉯ㅧදળ⹹ޔ102, 222-224 䋨2007㧕
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b䋩 ⧷ᢥ⹹
1䋩 Tang, Y. Q., An, M. Z., Liu, K., Nagai, S., Shigematsu, T., Morimura, S., Kida, K.
Ethanol production from acid hydrolysate of wood biomass using the flocculating 
yeast Saccharomyces cerevisiae strain KF-7.  
Process Biochemistry, 41, 909-914 䋨2006䋩.
2䋩 Akada, R., Kitagawa, T., Kaneko, S., Toyonaga, D., Ito, S., Kakihara, Y., Hoshida, 
H., Morimura, S., Kondo, A., Kida, K.
PCR-mediated seamless gene deletion and marker recycling in Saccharomyces 
cerevisiae.
Yeast, 23, 399-405 䋨2006䋩.
3䋩 Shigematsu, T., Era, S., Mizuno, Y., Ninomiya, K., Kamegawa, Y., Morimura, S.,
Kida, K.
Microbial community of a mesophilic propionate-degrading methanogenic 
consortium in chemostat cultivation analyzed based on 16S rRNA and acetate 
kinase genes. 
Appl. Microbiol. Biotechnol.. 72, 401-415 䋨2006䋩.
4䋩 Liu, K., Tang, Y. Q., Fujimura, Y., Shigematsu, T., Morimura, S., Kida, K. 
Anaerobic digestion of screened swine waste wuth high concentrations of organic 
matter and suspended solids using an upflow anaerobic filter reactor. 
Japanese J. Water Treat. Biol., 42, 93-98 䋨2006䋩.
5䋩 Shigematsu, T., Tang, Y. Q., Mizuno, Y., Kawaguchi, H., Morimura, S., Kida, K.
Microbial diversity of mesophilic methanogenic consortium that can degrade 
long-chain fatty acids in chemostat cultivation. 
J. Biosci. Bioeneg., 102, 535-544 䋨2006䋩.
6䋩 Inagaki, S., Morimura, S., Gondo, K., Tang, Y.Q., Akutagawam H., Kida, K.
Isolation of tryptophol as an apoptosis-inducing component of vinegar produced 
from boiled extract of black soybean in human monoblastic leukemia U937 cells. 
Biosci. Biotechnol. Biochem., 71, 371-379 䋨2007䋩.
7䋩 Ermawati, R., Morimura, S., Tang, Y.Q., Liu, K., Kida, K.
Degradation and behavior of natural steroid hormones in cow manure waste during 
biological treatments and ozone oxidation.  
J. Biosci. Bioeneg., 103, 27-31 䋨2007䋩.
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8䋩 Tang, Y.Q., Shigematsu, T., Morimura, S., Kida, K.
Effect of dilution rate on the microbial structure of a mesophilic butyrate-degrading 
methanogenic community during continuous cultivation. 
Appl. Microbiol. Biotechnol., 2007 Jan 13 
䋨2䋩 ቇળ⊒⴫ ⸘ 25 ઙ
1) ੉ഀ㓁ඳޔᑝ↰ᱜ৻㇢ޔ⑔↰㓶ౖޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޔჇ↰㦖
຦ޔṚᎹ ᷡޟ᦭᣿ᶏᐓẟᐩᵆߦ߅ߌࠆᓸ↢‛ߩᯏ⢻ᕈㆮવሶࠍᮡ⊛ߣߒߚੱ
ᎿᎽⓣ⸳⟎ലᨐߩ⹏ଔޠ╙  ࿁ᣣᧄ᳓ⅣႺቇળᐕળ⻠Ṷⷐᣦ㓸 R,ᄢ㒋↥
ᬺᄢቇ䋨ᐔᚑ  ᐕ  ᦬  ᣣ䋩
2) ’ౝ⾆ሶޔ᧻᳗ᱜ⑲ޔ᳗↰ ⡡ޔᧃ᳗⾆ผޔự↰ᐽᄥ㇢ޔ๺૒㊁ᚑ੫ޔ᫪᧛
⨃ޔᧁ↰ᑪᰴޟ㤈὾㈪⫳⇐ᱷᷲ߆ࠄߩ㉯ㅧ㈶⵾ㅧᛛⴚߩታ⸽ޠ╙  ࿁ᾢᧄ⋵
↥ቇቭᛛⴚ੤ᵹળ, ࠙ࠚ࡞ࠪ࠹ࠖᾢᧄ 䋨2007 ᐕ 1 ᦬ 23 ᣣ䋩.
3) ๺૒㊁ᚑ੫ޔᄢၔᣧᏗሶޔ᫪᧛ ⨃ޔḡ ጪℙޔᧁ↰ᑪᰴޔ’ౝ⾆ሶޔ᧻᳗
ᱜ⑲ޔ᳗↰ ⡡ޔᧃ᳗⾆ผޔự↰ᐽᄥ㇢ޔޟ㤈὾㈪⫳⇐ᱷᷲ߆ࠄ⵾ㅧߒߚ㉯ㅧ
㈶ߩ↢ℂᵴᕈ⹏ଔޠ╙࿁ᾢᧄ⋵↥ቇቭᛛⴚ੤ᵹળ, ࠙ࠚ࡞ࠪ࠹ࠖᾢᧄ 䋨2007
ᐕ 1 ᦬ 23 ᣣ䋩.
4) ᴡ㊁㇌ᤩޔችᎹඳ჻ޔᅏ㊁ඳ♿ޔ㜞ἑ⦟๺ޔᨰ↰㓷ᓼޔ᫪᧛ ⨃ޔḡ ጪℙޔ
ᧁ↰ᑪᰴޟ὾㈪☺߆ࠄߩ㉯ㅧ㈶⵾ㅧታ⸽⹜㛎ޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇળ਻Ꮊᡰ
ㇱᄢળ⻠Ṷⷐᣦ㓸 p.20, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
5) ᄢၔᣧᏗሶޔ๺૒㊁ᚑ੫ޔ᫪᧛ ⨃ޔḡ ጪℙޔᧁ↰ᑪᰴޟ὾㈪☺߆ࠄ⵾ㅧ
ߒߚ㉯ㅧ㈶ߩⴊዊ᧼ಝ㓸ᛥ೙૞↪ޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇળ਻Ꮊᡰㇱᄢળ⻠Ṷ
ⷐᣦ㓸 p.21, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
6) ᮮየᩕḩޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟ♧⾰ࠍၮ⾰ߣߒߚࡔ࠲ࡦ⊒㉂ߦ
㑐ਈߔࠆᓸ↢‛⟲㓸ߩ⸃ᨆޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇળ਻Ꮊᡰㇱᄢળ⻠Ṷⷐᣦ㓸
p.22, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
7) 㣐⷗ᤘౖޔ᧛ᚭఝቄޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟᑄ㉂Უ฽᦭ᑄᶧߩࡔ
࠲ࡦ⊒㉂ಣℂᕈ⢻ߦ෸߷ߔ೨ಣℂߩᓇ㗀ޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇળ਻Ꮊᡰㇱᄢ
ળ⻠Ṷⷐᣦ㓸 p.23, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
8) ഏ ಫޔ቟ ᣿ືޔේ↰⦟テޔጯᎹፄ๺ޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟ↢
ද㘩ၴᱷ㘵߆ࠄߩΆᢱ↪ࠛ࠲ࡁ࡯࡞⵾ㅧߦ㑐ߔࠆ⎇ⓥޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇ
ળ਻Ꮊᡰㇱᄢળ⻠Ṷⷐᣦ㓸 p.26, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
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9) ഏ ಫޔ቟ ᣿ືޔᒛ ᢥቇޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟ⊕㈬⵾ㅧᎿ
⒟߆ࠄឃ಴ߐࠇࠆ⊒㉂ᑄ♯㧔࠰ࡈ࠻ࡃࠗࠝࡑࠬ㧕߆ࠄߩࠣ࡞ࠦ࡯ࠬ࿁෼ߣࠛ࠲
ࡁ࡯࡞↢↥ߩ⹜ߺޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇળ਻Ꮊᡰㇱᄢળ⻠Ṷⷐᣦ㓸 p.27, 㣮
ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
10) ഏ ಫޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟㄘ↥ᑄ᫈‛߅ࠃ߮㘩ຠ♽ᑄ᫈‛
߆ࠄߩΆᢱ↪ࠛ࠲ࡁ࡯࡞ߩ⵾ㅧޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇળ਻Ꮊᡰㇱᄢળ⻠Ṷⷐ
ᣦ㓸 p.27, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
11) ੉ഀ㓁ඳޔᑝ↰ᱜ৻㇢ޔ⑔↰㓶ౖޔḡ ጪℙޔ᫪᧛ ⨃ޔ ᧁ↰ᑪᰴޟ౎ઍ
ᶏᐩᵆߦ߅ߌࠆ 16S rRNA gene ࠍᮡ⊛ߣߒߚᓸ↢‛⟲㓸ߩ⸃ᨆޠ╙ 13 ࿁ᣣᧄ
↢‛Ꮏቇળ਻Ꮊᡰㇱᄢળ⻠Ṷⷐᣦ㓸 p.36, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9
ᣣ䋩.
12) ᑝᳰఝ᣿ޔ࡜ࡅࡖ࠾ࠛ࡞ࡑࡢ࠹ࠗޔḡ ጪℙޔ᫪᧛ ⨃ޔ ᧁ↰ᑪᰴޟᄤὼ
ࡎ࡞ࡕࡦߩህ᳇ᕈಽ⸃߅ࠃ߮㑐ਈߔࠆᓸ↢‛⟲㓸ߩ⸃ᨆޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏ
ቇળ਻Ꮊᡰㇱᄢળ⻠Ṷⷐᣦ㓸 p.36, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
13) ኹፒਁ⾆ޔਛየᵏᓆޔḡ ጪℙޔ᫪᧛ ⨃ޔ ᧁ↰ᑪᰴޟ㘩ຠᱷᷲࠍ㜞ᯏ⢻
ൻߔࠆߚ߼ߩ੃㉄⩶ߩන㔌߅ࠃ߮㘺⢒ߦ߅ߌࠆሶ⽋߳ߩᛩਈലᨐޠ╙ 13 ࿁ᣣ
ᧄ↢‛Ꮏቇળ਻Ꮊᡰㇱᄢળ⻠Ṷⷐᣦ㓸 p.50, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬
9 ᣣ䋩.
14) ㋈ᧁ৻෩ޔ᫪᧛ ⨃ޔḡ ጪℙޔᧁ↰ᑪᰴޟࠦ࡯ࡅ࡯㉄ߩࠛ࠴࡞ࠛࠬ࠹࡞
ൻߦࠃࠆ᛫࡜ࠫࠞ࡞ᵴᕈߩะ਄ޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇળ਻Ꮊᡰㇱᄢળ⻠Ṷⷐ
ᣦ㓸 p.65, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
15) Ⓑ၂⑲৻㇢ޔ ᫪᧛ ⨃ޔḡ ጪℙޔᧁ↰ᑪᰴޟ㤥⼺ᄢ⼺ᾚ᳝߆ࠄ⵾ㅧߒߚ
㉯ㅧ㈶߆ࠄࠕࡐ࠻гࠪࠬ⺃ዉ‛⾰࡮࠻࡝ࡊ࠻ࡈࠜ࡯࡞ߩන㔌ߣࡅ࠻නᩭ⃿⊕ⴊ
∛⚦⢩䋨U937䋩ߦኻߔࠆ⺃ዉࡔࠞ࠾࠭ࡓ⸃ᨆޠ╙ 13 ࿁ᣣᧄ↢‛Ꮏቇળ਻Ꮊᡰㇱ
ᄢળ⻠Ṷⷐᣦ㓸 p.66, 㣮ఽፉᄢቇᎿቇㇱ 䋨2006 ᐕ 12 ᦬ 9 ᣣ䋩.
16) ㋈ᧁ৻෩ޔ᫪᧛ ⨃ޔḡ ጪℙޔᧁ↰ᑪᰴޟࠦ࡯ࡅ࡯㉄ߩࠛ࠴࡞ࠛࠬ࠹࡞
ൻߦࠃࠆ᛫࡜ࠫࠞ࡞ᵴᕈߩะ਄ޠ╙ 11 ࿁ᣣᧄࡈ࡯࠼ࡈࠔࠢ࠲࡯ቇળ㧔JSoFF䋩,
›ጊ࿖㓙ⷰశ࠮ࡦ࠲࡯䋨2006 ᐕ 11 ᦬ 21 ᣣ䋩.
17) ᒛ ᢥቇޔ༜ ቬஉޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟ⓼ᳰߢߩ࿕૕⊒㉂
ᦼ㑆ਛߩᓸ↢‛ฌߩᄌൻޠᐔᚑ 18 ᐕᐲᣣᧄ㉯ㅧቇળᄢળ⻠Ṷⷐᣦ㓸 p. 25㧘ർ
࠻ࡇࠕ䋨2006 ᐕ 10 ᦬ 13 ᣣ䋩.
18) ᒛ ᢥቇޔᒛ 㤀㢩ޔഏ ಫޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟ⓼ᳰߢߩ࿕૕⊒㉂ᦼ
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㑆ਛߩ㚅᳇ᚑಽ╬ߩ⚻ᣣᄌൻޠᐔᚑ 18ᐕᐲᣣᧄ㉯ㅧቇળᄢળ⻠Ṷⷐᣦ㓸 p. 25㧘
ർ࠻ࡇࠕ䋨2006 ᐕ 10 ᦬ 13 ᣣ䋩.
19) ᦡ 㔐ḮޔႦᧄᔀ຦ޔ↰ਛ᥍ዞޔḴਅ ൕޔ㑐 ቁᒄޔ᫪᧛ ⨃ޔ೨↰ ᶈޔ
┙᧻ᱜⴡޟ࠽࠲ࡀේᴤ↱᧪ 4-vinyl-2,6-dimethoxyphenol 䌛Canolol䌝 ߩࠬ࠽ࡀ࠭
ࡒ H. pylori ᗵᨴ߅ࠃ߮⢗⊒≸ߩᛥ೙૞↪ޠ╙ 65 ࿁ᣣᧄ≸ቇળቇⴚ✚ળ⻠Ṷⷐ
ᣦ㓸 p.132, ࡄࠪࡈࠖࠦᮮᵿ 䋨2006 ᐕ 9 ᦬ 28 ᣣ䋩.
20) 㑐 ቁᒄޔ᫪᧛ ⨃ޔᣇ ァޔᦡ 㔐ḮޔႦᧄᔀ຦ޔ┙᧻ᱜⴡޔ೨↰ ᶈ
ޟ࠽࠲ࡀේᴤ߆ࠄ♖⵾ߒߚࡈࠚࡁ࡯࡞ൻว‛ Canolol ߩἻ∝ᛥ೙ലᨐޠ╙ 65
࿁ᣣᧄ≸ቇળቇⴚ✚ળ⻠Ṷⷐᣦ㓸 p.132, ࡄࠪࡈࠖࠦᮮᵿ 䋨2006 ᐕ 9 ᦬ 28 ᣣ䋩.
21) ቟ ᣿ືޔጟፒస⟤ޔഏ ಫޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟᴒ✽↥♧
Ᵽ߆ࠄߩಝ㓸ᕈ㉂Უࠍ↪޿ߚㅪ⛯⊒㉂ߦࠃࠆΆᢱ↪ࠛ࠲ࡁ࡯࡞ߩ⵾ㅧޠᐔᚑ
18ᐕᐲᣣᧄ↢‛Ꮏቇળᄢળ⻠Ṷⷐᣦ㓸p. 122, ᄢ㒋ᄢቇ⼾ਛࠠࡖࡦࡄࠬ 䋨2006
ᐕ 9 ᦬ 12 ᣣ䋩.
22) ഏ ಫޔ቟ේ㆐਽ޔ቟ ᣿ືޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟਗⴕⶄᑼ
⊒㉂ߦࠃࠆ↢ߏߺ߆ࠄߩΆᢱ↪ࠛ࠲ࡁ࡯࡞ߩ⵾ㅧޠᐔᚑ 18 ᐕᐲᣣᧄ↢‛Ꮏቇ
ળᄢળ⻠Ṷⷐᣦ㓸 p. 122, ᄢ㒋ᄢቇ⼾ਛࠠࡖࡦࡄࠬ 䋨2006 ᐕ 9 ᦬ 12 ᣣ䋩.
23) ๺૒㊁ᚑ੫ޔ’ౝ⾆ሶޔự↰ᐽᄥ㇢ޔḡ ጪℙޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟ㤈
὾㈪⫳⇐ᱷᷲ߆ࠄߩ㉯ㅧ㈶⵾ㅧߦ߅ߌࠆࠬࠤ࡯࡞ࠕ࠶ࡊߩᬌ⸛߅ࠃ߮↢ℂᵴ
ᕈ⹏ଔޠᐔᚑ 18 ᐕᐲᣣᧄ↢‛Ꮏቇળᄢળ⻠Ṷⷐᣦ㓸 p. 174, ᄢ㒋ᄢቇ⼾ਛࠠࡖ
ࡦࡄࠬ 䋨2006 ᐕ 9 ᦬ 12 ᣣ䋩.
24) ᫪⛗ታሶޔ᧻ਅᵗ๺ޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޟ⚡⦱὾㈪⫳⇐ᱷᷲ߆ࠄ⵾ㅧߒ
ߚ㉯ㅧ㈶ߩ᛫࡜ࠫࠞ࡞ᵴᕈ⹏ଔޠᐔᚑ 18 ᐕᐲᣣᧄ↢‛Ꮏቇળᄢળ⻠Ṷⷐᣦ㓸
p. 175, ᄢ㒋ᄢቇ⼾ਛࠠࡖࡦࡄࠬ 䋨2006 ᐕ 9 ᦬ 12 ᣣ䋩.
25) ਛ᧛ᑧඳޔ ᐔᖗผޔ᫪᧛ ⨃ޔᧁ↰ᑪᰴޔ⑔↰⑲᮸ޔㄭ⮮ᤘᒾޟࠠࠪࡠ
࡯ࠬ⾗ൻ⢻ജ⾮ਈ㉂Უߦࠃࠆࠛ࠲ࡁ࡯࡞↢↥ߩታ↪ൻ߳ߩᬌ⸛ޠᐔᚑ 18 ᐕᐲ
ᣣᧄ↢‛Ꮏቇળᄢળ⻠Ṷⷐᣦ㓸 p. 211, ᄢ㒋ᄢቇ⼾ਛࠠࡖࡦࡄࠬ 䋨2006 ᐕ 9 ᦬
12 ᣣ䋩.
䋨4䋩 ․⸵㧔ᐔᚑ 18 ᐕᐲ౏㐿㧕⸘㧞ઙ
1) ․㐿 2006-325577㧔․㗿 2005г353820㧕ޟࠕ࡞ࠦ࡯࡞↢↥ࠪࠬ࠹ࡓ߅ࠃ߮ࠕ࡞
ࠦ࡯࡞↢↥ᣇᴺޔߥࠄ߮ߦ♧↢↥ᣇᴺޠ㧔2005 ᐕ 12 ᦬ 7 ᣣ಴㗿㧘2006 ᐕ 12
᦬ 7 ᣣ౏㐿㧕
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⊒᣿⠪㧦ᧁ↰ᑪᰴ㧘᫪᧛ ⨃㧘㊀᧻ ੧㧘⊕੗⟵ੱ
಴㗿ੱ㧦࿖┙ᄢቇᴺੱᾢᧄᄢቇޔ࿖┙ᄢቇᴺੱ਻ᎺᎿᬺᄢቇ
2) ․㐿 2006-067977䋨․㗿 2004г258833䋩ޟ὾㈪⵾ㅧᣇᴺޠ㧔2004ᐕ 9᦬ 6ᣣ಴㗿㧘
2006 ᐕ 3 ᦬ 16 ᣣ౏㐿㧕
⊒᣿⠪㧦ᧁ↰ᑪᰴ㧘㊀᧻ ੧㧘᫪᧛ ⨃
಴㗿ੱ㧦࿖┙ᄢቇᴺੱᾢᧄᄢቇ










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๔ႎᨐᚑⓥ⎇ᐲᐕ  ᚑᐔ

ᓳୃႺⅣფ࿯࡮᳓ࠆߔ↪ᵴࠍ‛↢ᓸႺⅣ㧦ฬ㗴⺖ⓥ⎇

ᓼ଻⿧Ꮉ  ᡹ኾቇᎿႺⅣળ␠ ⑼ⓥ⎇ቇ⑼ὼ⥄㧦ฬ᳁࡮ዻᚲ

ᮡ⋡࡮⊛⋡ⓥ⎇
ᮡ⋡࡮⊛⋡ࠆߌ߅ߦᐲᐕ㧝ޯᐲᐕ * 

᦭ߪ޿ࠆ޽ߚߒỘᳪߦᐲ㜞ޔߪ㗴໧ኂ౏ࠆߔ㑐ߦႺⅣ᳓ࠆߌ߅ߦᦼ㐳ᚑᐲ㜞 
ߡ޿ߟߦ╷ኻߩߘޔࠇߐߎ⿠߈ᒁߡߞࠃߦ᳓ᑄᬺ↥ߚࠇߐᨴᳪߦ⾰‛ቇൻߥኂ
ಣ᳓ឃߜࠊߥߔޕߚߞ޽ߢ㗴⺖ⷐ㊀ᦨ߇߆ࠆ߼ᱛ޿ߊࠍࠇߘߢḮ಴ឃߦ߆޿ߪ
ࠇࠄ࿑߇਄ะߩⴚᛛࠣࡦ࡝࠲࠾ࡕ⾰᳓᳓ឃޔߦ߽ߣߣࠆߔᐩᔀޔㅴផࠍⴚᛛℂ
໧ኂ౏ߩߡߟ߆ޔߒᄼࠍഞ߇╷ኻḮ಴ឃࠆᷰߦᐕ㐳ߥ߁ࠃߩߎޔߪߢᣣ੹ޕߚ
ᳪߦᣢޔߢᣇ৻ࠄ߇ߥߒ߆ߒޕࠆࠇࠄ߃⠨ߣ޿ߥߪߣߎࠆࠇߐ㄰ࠅ➅߮ౣ߇㗴
ߩਛ᳓ਅ࿾ߦ․ޕࠆ޽ߦᴫ⁁ߥಽචਇ߅ߥ੹ߪ╷ኻߩ߳ႺⅣფ࿯࡮᳓ߚࠇߐᨴ
ࠆࠃߦ⾰‛ቇൻ㊂ᓸࠆࠇߐ⴫ઍߦ⾰‛ੂᡬᴲಽౝ߿㘃Ⴎ㙃ᩕߩߤߥࡦ࡝߿⚛⓸
෸ࠍ㗀ᓇߥ߈ᄢߦ᧪዁ޔߕ߈ߢಣኻߪߢ╷ኻḮ಴ឃߩߢ߹ࠇߎޔߪᨴᳪႺⅣ᳓
ⴚᛛℂಣ‛᫈ᑄ࡮᳓ᑄࠆߔ↪ᵴࠍቇᎿ‛↢ޔߡߒኻߦࠄࠇߎޕࠆ޽߽ࠇᕟߔ߷
ߥ↪᦭ޔߪߢⓥ⎇ᧄޕࠆ޿ߡࠇߐᓙᦼߡߒߣߟ৻ߩ╷ኻߩߘ߇ⴚᛛᓳୃႺⅣ߿
ޔℂಣ‛᫈ᑄ࡮᳓ᑄߥ⊛↪ታߚߒᔕහߦ႐⃻ߌߛࠆ߈ߢޔߒ↪ᵴࠍ‛↢ᓸႺⅣ
ࠃ߅ࠕࠫࠕߊߥߢߌߛ࿖߇ᚒޔߪߦ⊛૕ౕޕࠆߔߣ⊛⋡ࠍ⊒㐿ߩⴚᛛᓳୃႺⅣ
ߚࠇߐᨴᳪߦ⾰‛ቇൻኂ᦭ߩޘ⒳߼ߓߪࠍ⚛⓸ࠆ޿ߡߞߥߣ㗴໧ߦ⊛⇇਎ో߮
ޕߔᜰ⋡ࠍ┙⏕ߩⴚᛛ␆ၮߩ߼ߚࠆߔ෰㒰ߦㅦ㜞ߢ࠻ࠬࠦૐޔࠍ᳓ႺⅣ߿᳓ᑄ

ᮡ⋡࡮⊛⋡ࠆߌ߅ߦᐲᐕ * 

⓸ᕈ㉄⎣੝࡮㉄⎣ߩਛ᳓ਅ࿾ޔ᧪એߡߒᚻ⌕ߦᐕ *ޔߪߡ޿ߟߦ㗴⺖ⓥ⎇ᧄ 
㉄⎣੝ޔߪߡߒߣ㗀ᓇᐽஜࠆࠃߦ⚛⓸ޕߚ߈ߡߞࠊ៤ߦⓥ⎇ࠆߔ㑐ߦ෰㒰ߩ⚛
ࡋ࠻ࡔޟߔߎ⿠߈ᒁࠍᘒ⁁ᰳ㉄ߢߣߎࠆߔว⚿ߣࡦࡆࡠࠣࡕࡋߩਛᶧⴊ߇⚛⓸
ࡦ࡝ߪ⚛⓸ޔߚ߹ޕࠆ޽߽଀੢ᱫߩఽ੃ߪߢ࿖☨ޔࠇࠄ⍮߇ޠ∝ⴊࡦࡆࡠࠣࡕ
ࠇࠄ⍮ߊࠃߪߣߎࠆ޽ߢ⾰‛࿃ේߩ⽎⃻ൻ㙃ᩕንߡߒߣޠ㘃Ⴎ㙃ᩕޟߦ߽ߣߣ
ޕࠆ޽ߢࠈߎߣࠆ޿ߡ
ࠄ⍮߇ⴚᛛℂಣ⊛ቇ‛↢ޔߪߡ޿ߟߦ෰㒰⚛⓸ߩࠄ߆᳓ᑄߪ޿ࠆ޽ޔ᳓ႺⅣ 
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㉄ߢ߹ߦ㉄⎣੝ߪ޿ࠆ޽㉄⎣ࠍ⚛⓸ᘒᯏ᦭߿ࠕ࠾ࡕࡦࠕߦਥߪࠇߎޔࠅ߅ߡࠇ
ߦࠬࠟ⚛⓸ࠍ㉄⎣੝߿㉄⎣ߜࠊߥߔޔᔕ෻ㅒߩߘޔߣ⩶⚦ൻ⎣ࠆߔ㧕ൻ⎣㧔ൻ
ޔߪ෰㒰⚛⓸⊛ቇ‛↢ޕࠆ޽ߢߩ߽ߚߒ↪೑ࠍ߈௛ߩ⩶⚦⓸⣕ࠆߔ㧕⓸⣕㧔రㆶ
ࠟ⚛⓸ࠆ޽ߢಽᚑ᳇ᄢࠍ⚛⓸ߡ߃ടޔߒ↪೑ࠍᔕ෻ࠍ‛↢ᓸࠆߔ࿷ሽߦ⇇ὼ⥄
ߢߣߎࠆߔ᳇ᦑ೙ᒝߡߒߦᕈ࡝ࠞ࡞ࠕࠍ᳓ℂಣޔࠄ߆ߣߎࠆ߈ߢℂಣߢ߹ߦࠬ
Ყߦℂಣ⊛ቇൻℂ‛ߩߤߥᴺࠣࡦࡇ࠶࡝࠻ࠬࠕ࠾ࡕࡦࠕࠆߔᢔើࠍࠕ࠾ࡕࡦࠕ
ޔߪߢ⒟ㆊ⓸⣕ޔࠄ߇ߥߒ߆ߒޕࠆ߃޿ߣⴚᛛ̍޿ߒఝߦ⃿࿾̌ࠆࠁࠊ޿ޔߡߴ
ⷐᔅ߇Ḯ⚛὇ࠄ߆ߣߎࠆ޽ߢ⩶⚦㙃ᩕዻᓥߪߦ⥸৻߇⩶⚦⓸⣕߁ᜂࠍᔕ෻ߩߘ
ᳪᰴੑ߿ᄢჇߩ࠻ࠬࠦࠆࠃߦ౉ᛩߩḮ⚛὇ޔߪߡߞࠃߦ⁁ᕈߩ᳓ℂಣޔࠅߥߣ
ޕࠆࠇߐᔨ ߇㗴໧ߩᨴ
⸃ಽ↢ߩ⁁૕࿕ߡߒߣḮ⚛὇ߩ⩶⚦⓸⣕ޔߪߢࡊ࡯࡞ࠣⓥ⎇ߩ⿧Ꮉޔߢߎߘ 
ᬌߡߒߣ⊛⋡ࠍ┙⏕ߩⴚᛛ෰㒰⚛⓸ᕈ㉄⎣੝࡮㉄⎣ࠆߔ↪ᵴࠍࠢ࠶࠴ࠬ࡜ࡊᕈ
ߦࡓ࡜ࠞფ࿯ߚߒႯలࠍࠢ࠶࠴ࠬ࡜ࡊᕈ⸃ಽ↢ޔߪߦᐲᐕ *ޕߚ߈ߡߞⴕࠍ⸛
ࠢ࠶࠴ࠬ࡜ࡊᕈ⸃ಽ↢ޔߒᣉታࠍⓥ⎇ࠆߔ㑐ߦ෰㒰⓸⣕రㆶߩ⚛⓸ᕈ㉄⎣ࠆࠃ
ㅪߡ޿↪ࠍ㧕ࠆߔߣ $*2 ਅએGVCT[VWD[ZQTF[Jß[NQR㧔㉄㈼Ǫ࡝ࡐޔߡߒߣ
ფ࿯Ⴏల $*2ޔߪᐲᐕ *ޕߚࠇࠄᓧ߇෰㒰⚛⓸ߥᅢ⦟࡮ቯ቟ޔߒᣉታࠍ㛎ታ⛯
Ớ⚛⓸ᕈ㉄⎣ޔߦ߼ߚࠆߔߦ߆ࠄ᣿ࠍࡓ࠭࠾ࠞࡔ෰㒰⚛⓸ᕈ㉄⎣ࠆࠃߦࡓ࡜ࠞ
ቇ‛↢ሶಽߩ╬ᴺ '))&4%2ޔᴺ 02/ ߡ޿ߟߦଥ㑐ߩߣฌ⩶⚦߿ᢙ⩶⚦ფ࿯ߣᐲ
$*2 ߇ᕈᵴ⓸⣕߮ࠃ߅ᢙ⩶⚦⓸⣕ߩߢㇱౝࡓ࡜ ࠞޔߒ⸛ᬌޔᨆ⸃ߡ޿↪ࠍᴺᚻ⊛
ᄢჇߦ⊛ᤨ⚻߇ᕈᵴ࡮ᢙ⩶⚦ห߽ߡ޿߅ߦㇱᵹਅߩߘޔߊ㜞߽ᦨߡߦ૏ㇱႯల
ߞߥߣ߆ࠄ᣿߇ߣߎࠆߔ਄ะ߇⢻෰㒰⚛⓸ߩߡߒߣ૕ో࡯࠲ࠢࠕ࡝ߢߣߎࠆߔ
߇⢻రㆶ㉄⎣ߟ߆ޔߒ᦭ࠍ⚛㉂⸃ಽ᳓ട $*2ޔࠄ߆ᨐ⚿ߩᨆ⸃ฌ⩶⚦ޔߚ߹ޕߚ
߈ᄢߦ෰㒰⚛⓸ߩ࡯࠲ࠢࠕ࡝ᧄޔ߇⩶⚦✼ㄭߩ KKVVGMEKRCKPQVUNC4 ࠆࠇࠄ⍮
࡯࠲ࠢࠕ࡝ࡓ࡜ࠞფ࿯ $*2ޔߪᐲᐕᤓߢߎߘޕߚࠇߐቯផ߇ߣߎࠆ޿ߡߒਈነߊ
ࠛࠢޔߡߦਅઙ᧦᳇ህޔᨐ⚿ߩߘޕߚߺ⹜ࠍ㔌නߩ⩶⚦⓸⣕ᕈൻ⾗ $*2 ߩࠄ߆
࡯࠾ࡠࠦߩᢙⶄߢ਄࿾ၭߩ↪⢒↢⩶⚦⓸⣕ࠆߔߣḮ⚛὇৻නࠍࡓ࠙࡝࠻࠽㉄ࡦ
㛎⹜⓸⣕ࠆࠃߦ▤ࡓ࡜࡯࠳ࠆߔߣḮ⚛὇ࠍ࠻࠶࡟ࡍ $*2 ߇ߟ৻ߩߘޔࠇࠄᓧ߇
ߐޕߚߒฬ๮ߣ (- ⩶⚦⓸⣕ᕈൻ⾗ $*2 ࠍ⩶⚦ᧄޔࠄ߆ߣߎߚߒ␜ࠍᕈ㓁ߡߦ
ޔ೉㈩ #0&T5 ߩ߼ߚߩቯห⩶⚦߮ࠃ߅ޔઙ᧦⢒↢ߩ╬ᐲ᷷ޔ*R ߩᩣ (-ޔߦࠄ
ߣ KVVGMEKRCKPQVUNC4 ࠍ⩶⚦ᧄޔߒᣉታࠍ㛎⹜ߚ޿↪ࠍ࠻࠶ࠠቯห⩶⚦߮ࠃ߅
ޕߚߒቯห

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* ᐕᐲߩ⎇ⓥᚑᨐ
 * ᐕᐲߪޔߎࠇࠄߩ⍮⷗ࠍ〯߹߃ߡ -( ᩣߩߐࠄߥࠆᓸ↢‛ቇ⊛⻉ᕈ⾰ߩ⹦
⚦ߣ࿁ಽታ㛎࡮ㅪ⛯ታ㛎ߦࠃࠆ -( ᩣߩ⎣㉄㒰෰⢻ߦ㑐ߔࠆ⎇ⓥࠍ㐿ᆎߒߚޕ
ߒ߆ߒߥ߇ࠄޔߎߎߢ -( ᩣߩ 2*$ ⾗ൻ⢻ജޔߔߥࠊߜ -( ᩣ߇ 2*$ ࠍන৻὇
⚛Ḯߣߒߡ↢⢒น⢻ߢ޽ࠆ߆ߤ߁߆ߦ⇼໧߇↢ߓߚޕ
 * ᐕᐲߦߪޔ(KI ߦ␜ߔࠃ߁ߦޔ2*$ ࡍ࡟࠶࠻㧝୘ࠍ὇⚛Ḯߢ޽ࠆࠢࠛࡦ
㉄࠽࠻࡝࠙ࡓࠍ㒰޿ߚ )KNVC[ ᶧ૕ၭ࿾ߦട߃ޔ࠳࡯࡜ࡓ▤ࠍ࠮࠶࠻ߒߚ߽ߩࠍ
↪޿ߚၭ㙃⹜㛎ߦߡޔ-( ᩣߩ 2*$ ⾗ൻ⢻ߣ⎣㉄⣕⓸⢻ࠍ⏕⹺ߒߚޕ

Before inoculation After inoculation 
(KI 8GTKHKECVKQPQHPKVTCVGTGFWEVKQPD[UVTCKP-(FWGVQEQNQTEJCPIG
CPFICURTQFWEVKQPKPCPCGTQDKEEWNVWTGKP)KNVC[NKSWKFOGFKWO

 )KNVC[ ၭ࿾ߦߪޔ⎣㉄Ⴎߣ R* ᜰ␜⮎ߢ޽ࠆ $2$ ߇ᷝടߐࠇߡ߅ࠅޔၭ࿾ਛߩ
⎣㉄߇ㆶరߐࠇࠆߎߣߢ R* ߇਄᣹ߒޔၭ࿾ߩ⦡߇✛߆ࠄ㕍⦡ߦᄌࠊࠆߎߣߢ⣕
⓸෻ᔕ㧔⎣㉄ߩㆶర㧕߇㑆ធ⊛ߦ␜ߐࠇࠆޕ߹ߚޔ࠳࡯࡜ࡓ▤ߦߪ⣕⓸ߦࠃߞ
ߡ⊒↢ߒߚ⓸⚛ࠟࠬ߇ߚ߹ࠆߎߣ߆ࠄޔၭ࿾ߩᄌ⦡ߣ࠳࡯࡜ࡓ▤ౝߩࠟࠬ߇ห
ᤨߦ⏕⹺ߢ߈ࠇ߫⣕⓸෻ᔕ߇ᬌ⸽ߢ߈ࠆޕߒ߆ߒᤓᐕᐲߩ⹜㛎ߢߪޔ⒨⒳Ḯߣ
ߒߡࠢࠛࡦ㉄࠽࠻࡝࠙ࡓࠍ὇⚛Ḯߣߔࠆ)KNVC[ኙᄤၭ࿾਄ߦ↢⢒ߒߚ⚦⩶႙ࠍ
⒨⒳ߒߚߚ߼ޔၭ࿾⦡ߩᄌൻߣࠟࠬ↢ᚑ߇ -( ᩣߩჇᱺࠍ઻߁߽ߩ߆ߤ߁߆߇
᣿⏕ߢߪߥ߆ߞߚޕߘߎߢޔᧄᐕᐲߪޔ-( ᩣߩ 2*$ ⾗ൻᕈ⢻ࠍౣ⏕⹺ߔࠆߣߣ
߽ߦޔหቯ⚿ᨐࠍᬌ⸽ߔࠆߚ߼ߩᓸ↢‛ቇ⻉ᕈ⾰ߦ㑐ߔࠆ⹜㛎ࠍታᣉߒߚޕ߹
ߚޔᤓᐕᐲߩ⚿ᨐߢߪޔ͠ߩૐ᷷ⅣႺਅߢ -( ᩣߩ↢⢒߇⏕⹺ߐࠇߚߎߣ߿ޔ
ၭ㙃ᤨ R* ߩᄌൻߦࠃࠆ -( ᩣ↢⢒߿⎣㉄⣕⓸⢻߳ߩᓇ㗀߇␜ໂߐࠇߚߚ߼ޔᧄ
ᐕᐲ߽ᒁ߈⛯߈ߘࠇࠄ↢⢒᧦ઙߦߟ޿ߡᬌ⸛ߒߚޕ



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 න㔌⚦⩶ߩ 2*$ ⾗ൻᕈ߅ࠃ߮⣕⓸⢻
 ᤓᐕᐲߦන㔌ߐࠇߚ⚦⩶ -( ᩣ߇ 2*$ ࠍන৻὇⚛Ḯߣߒߡ↢⢒น⢻ߢޔ߆ߟ
⎣㉄⣕⓸⢻ࠍ⊒⃻ߔࠆ߆ߤ߁߆ࠍ⏕⹺ߔࠆߚ߼ޔ2*$☳ᧃࠍ὇⚛Ḯߣߔࠆ)KNVC[
ኙᄤၭ࿾ࠍ (KI ߦ␜ߔ૞ᚑᣇᴺߦೣߞߡ⺞⵾ߒޔ-( ᩣࠍᬀ⩶ߒߡህ᳇ၭ㙃ࠍ
ⴕߞߚޕ⒳⩶ߦߪޔㅢᏱߩ )KNVC[ ኙᄤၭ࿾ߦ↢⢒ߒߚ -( ᩣࠍ↪޿ߚޕ৻⊕㊄
⡊ߩ -( ᩣࠍޔࡑࠗࠢࡠ࠴ࡘ࡯ࡉౝߢ࡝ࡦ㉄✭ⴣᶧ㧔R*㧕ߦ Ộߒߚᓟޔ㆙
ᔃಽ㔌ߦߡ㓸⩶ߒޔᓧࠄࠇߚࡍ࡟࠶࠻ࠍห✭ⴣᶧߣหᠲ૞ߦߡ㧞࿁ᵞᵺߒߚ߽
ߩࠍޔห✭ⴣᶧߦߡᲑ㓏Ꮧ㉼ߒߡኙᄤၭ࿾ߦႣ᛹ᬀ⩶ߒߚޕ

Ԙ὇⚛Ḯࠍ㒰޿ߚ )KNVC[ ᶧ૕ၭ࿾ߦ IN ߩኙᄤࠍട߃ޔࠝ
࡯࠻ࠢ࡟࡯ࡉߦߡ ͠ ಽ㑆Ṍ⩶
ԙ☳ᧃ⁁ߩ 2*$ ࠍṌ⩶᳓ߦ Ộߐߖߡ 2*$  Ộᶧࠍ૞ᚑߒޔ⿥㖸
ᵄ⎕⎈ᯏߢ⚂  ಽಣℂ
Ԛ)KNVC[ ᶧ૕ၭ࿾߇࿕߹ࠆ೨ߦ㧔͠೨ᓟ㧕ޔ2*$ ߇ᦨ⚳⊛ߦ⚂
㧑ߦߥࠆ᭽ߦ 2*$ ࠬ࠻࠶ࠢṁᶧ㧔㧕ࠍᷝട
ԛ2*$☳ᧃ߇ဋ৻ߦߥࠆࠃ߁ߦኙᄤၭ࿾ࠍᠣᜈߒߥ߇ࠄࠪࡖ࡯࡟
ߦᐢߍᐔ᧼ၭ࿾ࠍ૞ᚑ
Ԝ-( ᩣߩࠦࡠ࠾࡯ࠍ࡝ࡦ㉄✭ⴣᶧߢ⺞⵾ߒߚ ޔޔޔ
ޔߩ⚦⩶Ꮧ㉼ᶧǴNࠍႣ᛹ᬀ⩶ߒޔህ᳇᧦ઙਅ㧔ࠕ
ࡀࡠࡄ࠶ࠢ૶↪㧕ߢၭ㙃

(KI 2TGRCTCVKQPQH2*$)KNVC[CICTOGFKWOCPFEQNQP[HQTOCVKQPQHUVTCKP
-(QPVJGOGFKWO

 ߘߩ⚿ᨐޔ(KIߦ␜ߔࠃ߁ߦޔ-(ᩣߩࠦࡠ࠾࡯߇↢ᚑߐࠇޔ2*$☳ᧃߦࠃࠆ
ၭ࿾ߩỘࠅ߇ࠦࡠ࠾࡯ࠍਛᔃߣߒߚㅘ᣿ㇱಽ㧔ࡂࡠ࡯㧕߇⏕⹺ߐࠇߚޕ߹ߚޔ
ࠦࡠ࠾࡯↢ᚑߣหᤨߦၭ࿾ߩ⦡߇㕍ᄌߒޔ⎣㉄ߩㆶర߇⏕⹺ߐࠇߚޕએ਄ߩ⚿
ᨐޔ߅ࠃ߮ᤓᐕᐲߩ⚿ᨐ߆ࠄޔ-(ᩣ߇2*$ࠍන৻὇⚛Ḯߣߒޔህ᳇᧦ઙਅߢ⎣
㉄ࠍ㔚ሶଏਈ૕ߣߒߡ↢⢒ߔࠆߎߣ߇ᬌ⸽ߐࠇߚޕ

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  
(KI 8GTKHKECVKQPQH2*$WVKNK\CVKQPCPFPKVTCVGTGFWEKPI
CEVKXKV[D[UVTCKP-(FWGVQEQNQP[HQTOCVKQPVGUVQP
2*$)KNVC[CICTOGFKWO


 2*$ ⾗ൻᕈ⣕⓸⚦⩶ -( ᩣߩหቯߦ㑐ߔࠆ↢ℂቇ⊛⻉ᕈ⾰
ᤓᐕᐲߩታ㛎ߦ߅޿ߡޔ-( ᩣߪޔࠣ࡜ࡓ㒶ᕈߩ᪝⩶ߢ㖊Ძߩሽ࿷߇␜ໂߐ
ࠇߚޕ߹ߚޔ5T40# ߩ߶߷ో㐳㧔DRU㧕ߩ &0# ㈩೉ߦၮߠߊ⋧หᕈᬌ⚝
߆ࠄޔ-( ᩣߩ 5T40# ㈩೉ߪ 4CNUVQPKCOCPPKVQN[VKEC ߦ ৻⥌ߒޔ
4CNUVQPKCRKEMGVVKK ߦኻߒߡ એ਄৻⥌ߔࠆߎߣ߇ಽ߆ߞߚޕ߹ߚޔࠣ࡜ࡓ
㒶ᕈ⚦⩶หቯ↪ߩ↢ൻቇ⹜㛎ࠠ࠶࠻ߢ޽ࠆ #2+0'㧔$KQOGTKGWZ,CRCP6QM[Q㧕
ࠍ↪޿ߡ◲ᤃหቯ⹜㛎ࠍⴕߞߚ⚿ᨐޔ-( ᩣߪޔ4CNUVQPKCRKEMGVVK ߦᏫዻߐ
ࠇߚޕᤓᐕᐲߦ߅޿ߡߪޔએ਄ߩ⚿ᨐࠍ㐓ߺޔ-( ᩣࠍ 4CNUVQPKCRKEMGVVKK
ߣផቯߒߚޕߐࠄߦᧄᐕᐲߪޔ-( ᩣߩหቯߩߚ߼ޔ㑐ㅪᢥ₂߅ࠃ߮ $GTIG[’U
/CPWCN㧔0KPVJ'FKVKQP㧕ࠍෳᾖߒߡ♧㘃߿὇ൻ᳓⚛㘃ߩ㉄ᕈൻ⹜㛎ޔࠕ࡞ࠞ
࡝ൻ⹜㛎ࠍⴕߞߚޕ6CDNG ߦᤓᐕᐲߩ -( ᩣߩᓸ↢‛⊛⻉ᕈ⾰ߦ㑐ߔࠆ⹜㛎⚿
ᨐࠍᤓᐕᐲߦታᣉߒߚ߽ߩߣวࠊߖߡ␜ߔޕߎࠇࠄ⻉ᕈ⾰ߩਛߢޔ․ߦ⎣㉄߅
ࠃ߮੝⎣㉄ㆶర⢻ޔ࠙࡟ࠕ࡯࠯ᵴᕈޔࡑࡦ࠾࠻࡯࡞ߩ㉄ᕈൻ⢻ޔ㈬⍹㉄ߩࠕ࡞
ࠞ࡝ൻ⢻ߥߤߩᕈ⾰߆ࠄޔ-(ᩣࠍᦨ⚳⊛ߦ4CNUVQPKCRKEMGVVKKߣหቯߒߚޕ

6CDNG$KQEJGOKECNRTQRGTVKGUQHKUQNCVGFDCEVGTKCNUVTCKP-(











Characteristics Results Characteristics Results Characteristics Results
Flagellum r Assimilation of Acid production from 
Growth at 42 㷄 variable Glucose 㧗 Glucose 㧗
Catalase 㧗 L-Arabinose 㧙 Lactose 㧗
Oxidase 㧗 D-Mannose 㧙 Maltose 㧗
Indole production 㧙 Maltose 㧙 Sucrose 㧙
Nitrate reduction 㧗 D-Mannitole 㧙 Mannitol 㧙
Nitrite reduction 㧗 N-Acetyl-D-glucosamine 㧗 Alcalinization of
Arginine hydrase 㧙 Gluconate 㧗 Acetate 㧗
Urease 㧗 n-Caprate 㧙 Lactate 㧗
㱎-glucosidase 㧙 Adipate 㧙 Oxalate 㧙
㱎-galactosidase 㧙 DL-Malate 㧗 Tartrate 㧗
Protease (gelatine) 㧙 Citrate 㧗
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 2*$ ⾗ൻᕈ⣕⓸⚦⩶ -( ᩣߩ↢⢒᧦ઙߦ෸߷ߔ᷷ᐲߣ R* ߦ㑐ߔࠆౣᬌ⸛
 න㔌ޔหቯߐࠇߚ -( ᩣߩ↢⢒ߦ෸߷ߔ᷷ᐲޔ߅ࠃ߮ R* ߦ㑐ߒߡޔᤓᐕᐲߦ
ᬌ⸛ࠍⴕߞߚ߇ޔ᷷ᐲߦߟ޿ߡߪ㧤͠ਅߢᦨ߽㜞޿Ⴧᱺࠍ␜ߒߚߎߣޔ޽ࠆ޿
ߪ R* ߢ㕖Ᏹߦ⦟ᅢߥ↢⢒߇⷗ࠄࠇߚߎߣޔߐࠄߦታ㛎ਛߩᯏེ࠻࡜ࡉ࡞╬
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Fig.4 Temperature effect on K2F growth   Fig.5 Temperature effect on nitrate reduction 
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᦬  ᣣ䋩╙  ࿁ᑄ᫈‛ቇળ⎇ⓥ⊒⴫ળ⻠Ṷ⺰ᢥ㓸R
 ਛየ㓷ᴦᎹ⿧଻ᓼᣣ㊁ߥ߅߃ጤ૒⍮ౖ⮮ᧄ✍ฎᎹᙗᴦઃ⌕࿕ቯ
ൻᜂ૕ࠍ↪޿ߚህ᳇ᕈ᳓⚛⊒㉂ߩ቟ቯൻߦ㑐ߔࠆၮ␆ᬌ⸛╙࿁ᑄ᫈‛ቇ
ળ⎇ⓥ⊒⴫ળ㧔ർ਻Ꮊ࿖㓙ળ⼏႐ ᐕ  ᦬  ᣣޯ ᦬  ᣣ䋩╙ 
࿁ᑄ᫈‛ቇળ⎇ⓥ⊒⴫ળ⻠Ṷ⺰ᢥ㓸R
 ጤ૒⍮ౖਛየ㓷ᴦ⮮ፒᐘ৻㇢Ꮉ⿧଻ᓼฎᎹᙗᴦ࿕ቯᐥᜂ૕ࠍ↪޿
ߚ᳓⚛⊒㉂ߩၮ␆⊛⎇ⓥᐔᚑᐕᐲᣣᧄ᳓ⅣႺቇળ਻Ꮊᡰㇱ⎇ⓥ⊒⴫ળ⻠
Ṷⷐᣦ㓸R㧔 ᐕ  ᦬  ᣣ਻Ꮊ↥ᬺᄢቇ㧕
 ਛ੗₵৻㇢ะ㊁ᐘሶᎹ⿧଻ᓼฎᎹᙗᴦ2*$ ࠍන৻὇⚛Ḯߣߒߡ↢⢒
น⢻ߥ⣕⓸⚦⩶ߩන㔌ߣߘߩ⻉ᕈ⾰ߦߟ޿ߡR㧔 ᐕ  ᦬  ᣣ਻
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Ꮊ↥ᬺᄢቇ㧕
 ⮮ፒᐘᏒ㇢ਛየ㓷ᴦጤ૒⍮ౖᎹ⿧଻ᓼฎᎹᙗᴦ࿕ቯᐥᜂ૕ࠍ↪޿
ߚህ᳇ᕈ᳓⚛⊒㉂ߦ㑐ߔࠆၮ␆⊛⎇ⓥᐔᚑᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒
⴫ળ⻠Ṷ᭎ⷐ㓸R䋨 ᐕ  ᦬  ᣣ਻Ꮊ౒┙ᄢቇ㧕
 ᴒᐘᙗ㐳⼱Ꮉੳ⮮ᧄ✍Ꮉ⿧଻ᓼฎᎹᙗᴦᶏ↥శวᚑ᳓⚛↢ᚑ⚦⩶
ߩ㓸Ⓧߣන㔌ߦ㑐ߔࠆ⎇ⓥᐔᚑᐕᐲ࿯ᧁቇળ⷏ㇱᡰㇱ⎇ⓥ⊒⴫ળ⻠Ṷ᭎
ⷐ㓸R䋨 ᐕ  ᦬  ᣣ਻Ꮊ౒┙ᄢቇ㧕
 ጤ૒⍮ౖਛየ㓷ᴦ⮮ፒᐘ৻㇢Ꮉ⿧଻ᓼฎᎹᙗᴦਇ❱Ꮣᜂ૕ࠍ↪޿
ߚ࿕࿕ቯᐥߦࠃࠆ᳓⚛⊒㉂ߩၮ␆⊛ᬌ⸛╙  ࿁ᣣᧄ᳓ⅣႺቇળᐕળ㧘ᄢ㒋
↥ᬺᄢቇ䋨ᐕ᦬ᣣޯᣣ㧕╙࿁ᣣᧄ᳓ⅣႺቇળᐕળ⻠Ṷ㓸R
8㧕ਛ੗₵৻㇢, ะ㊁ᐘሶ, Ꮉ⿧଻ᓼ, ฎᎹᙗᴦ, PHB ⾗ൻᕈ⣕⓸⚦⩶ߩන㔌࡮ห
ቯߣߘߩ↢⢒᧦ઙߦߟ޿ߡ, ╙ 41 ࿁ᣣᧄ᳓ⅣႺቇળᐕળ㧘ᄢ㒋↥ᬺᄢቇ䋨2007
ᐕ 3 ᦬ 15 ᣣޯ17 ᣣ䋩, ╙ 41 ࿁ᣣᧄ᳓ⅣႺቇળᐕળ⻠Ṷ㓸, p625 
ԙ․⸵⁁ᴫ
 ήߒ


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ᐔᚑ 1㧤ᐕᐲ⎇ⓥᚑᨐႎ๔
⎇ⓥ⺖㗴ฬ㧦᭽ޘߥࠬࠤ࡯࡞ߩ᳓ᓴⅣࡊࡠ࠮ࠬߩታᘒᛠីߦ㑐ߔࠆ⎇ⓥ
ᚲዻ࡮᳁ฬ 㧦ᄢቇ㒮⥄ὼ⑼ቇ⎇ⓥ⑼࡮᎑↰ ⚐
1. ⎇ⓥ⋡⊛࡮⋡ᮡ
㧔1㧕 H15 ᐕᐲ㨪21 ᐕᐲߦ߅ߌࠆ⋡⊛࡮⋡ᮡ
᳓ᓴⅣߩਛߢ᷆᳓ߩභ߼ࠆഀวߪ௖߆ 2.5%⒟ᐲߦㆊ߉ߥ޿߇ޔᚒޘੱ㑆ߩ↢
ᵴߦᭂ߼ߡኒធߦଥࠊࠆ㊀ⷐߥⷐ⚛ߢ޽ࠅޔߘߩᓴⅣߩታᘒᛠីࠍⴕ߁ቇ໧ಽ
㊁ࠍ᳓ᢥቇߣ⸒߁ޕߎߩ࿾⃿਄ߩ᳓ᓴⅣߦଥࠊࠆࡊࡠ࠮ࠬࠍ‛ℂ⊛࡮ൻቇ⊛ߦ
ⓥ᣿ߔࠆߚ߼ߦޔ᳓ߩਛߦ⥄ὼߦሽ࿷ߔࠆⅣႺห૏૕ࠍ೑↪ߔࠆߎߣߢߘߩᵹ
േߩᤨⓨ㑆․ᕈࠍᛠីߔࠆߎߣࠍ⎇ⓥߩ⋡⊛ߣߒߡ޿ࠆޕ
ḨẢ᷷Ꮺၞߦ޽ࠆ਻Ꮊ࿾ၞߩ᳓ᓴⅣࡊࡠ࠮ࠬߦ㑐ߒߡޔߎߩⅣႺห૏૕ᚻᴺ
ߣ‛ℂ⊛ߥ᷹ⷰ߅ࠃ߮ࠪࡒࡘ࡟࡯࡚ࠪࡦ╬ࠍㆡቱ૬↪ߔࠆߎߣߦࠃࠅޔ㒠᳓࡮
⫳⊒ᢔ࡮࿯ფᶐㅘ࡮࿾ਅ᳓ᵹേ࡮ᶏᐩ࿾ਅ᳓ḝ಴╬ߩࡊࡠ࠮ࠬߩታᘒᛠីߣߘ
ߩⷐ࿃ߩ⸃᣿ޔ෸߮ߘࠇࠄߦၮߠߊ࿾ၞߩ᳓ᓴⅣ࡮᳓⾮ሽ․ᕈߩ⹏ଔࠍⴕ߁ߎ
ߣߢ࿾ၞߩ᳓ᓴⅣ࡮᳓೑↪ߩ޽ࠅᣇߦ㑐ߒߡߩၮ␆⊛ߥᖱႎឭଏࠍ࿑ߞߡࠁߊ
ߎߣࠍ⎇ⓥߩ⋡ᮡߣߒߡ޿ࠆޕ
㧔2㧕 H1㧤ᐕᐲߦ߅ߌࠆ⋡⊛࡮⋡ᮡ
࿾ਅ᳓ߩṛ⇐ᤨ㑆ផቯߦߪ㧘᳓ߦ฽߹ࠇࠆ᭽ޘߥ‛⾰ࠍ࠻࡟࡯ࠨ࡯ߣߒߡ↪
޿ࠆߎߣ߇᦭ലߢ޽ࠆޕߘߩઍ⴫⊛ߥ߽ߩߩ৻ߟߦ㧘᳓⚛ߩ᡼኿ᕈห૏૕ߢ޽
ࠆ 3H㧔࠻࡝࠴࠙ࡓ㧕ࠍ↪޿ߚᣇᴺ߇޽ࠆޕ3H ߪቝቮ✢ߩ૞↪ߦࠃࠅᄢ᳇਄ጀਛ
ߢᕡᏱ⊛ߦ↢↥ߐࠇࠆ߇㧘1950 ᐕઍ߆ࠄ 60 ᐕઍߦ߆ߌߡⴕࠊࠇߚᄢ᳇࿤ౝߦ߅
ߌࠆᩭታ㛎ߦࠃࠅ㧘ᄢ᳇ਛߦ 3H ߇ᄢ㊂ߦ᡼಴ߐࠇ㧘ߘߩ⚿ᨐߣߒߡߣߊߦർඨ
⃿ߩฦ࿾ߢ㒠᳓ߩ 3H Ớᐲ߇ᕆỗߦ਄᣹ߒ㧘ታ㛎⚳ᕷߣߣ߽ߦᜰᢙ㑐ᢙ⊛ߦૐਅ
ߒߚޕㄭᐕᚒ߇࿖ߢߪ㒠᳓ߩ 3H Ớᐲ߇ᄤὼ࡟ࡌ࡞ߦ߹ߢૐਅߒߡ߈ߡ߅ࠅ㧘ᚒ
߇࿖ߩࠃ߁ߦ㒠᳓㊂߇ᄙߊ㧘ᵻጀ࿾ਅ᳓ߩṛ⇐ᤨ㑆߇ᢙචᐕ⒟ᐲߩࠝ࡯࠳࡯ࠍ
␜ߔࠃ߁ߥ࿾ၞߦ߅޿ߡߪ㧘࠻࡝࠴࠙ࡓᴺࠍ↪޿ߚṛ⇐ᤨ㑆ߩផቯ♖ᐲ߇ ᔨ
ߐࠇ಴ߒߡ޿ࠆޕߎࠇߦኻߒㄭᐕ CFCs㧔chlorofluorocarbons㧘ࡈࡠࡦ㘃㧕ࠍ೑↪
ߒ࿾ਅ᳓ߩṛ⇐ᤨ㑆ࠍផቯߔࠆᣇᴺ߇ឭ᩺ߐࠇ㧘᰷☨ࠍਛᔃߦㆡ↪੐଀߇Ⓧߺ
㊀ߨࠄࠇߟߟ޽ࠆ 㧔Busenberg and Plummer, 1992; IAEA, 2006㧕ޕCFCs ߪੱᎿ⊛
ߦߩߺ↢↥ߐࠇߚ㕖Ᏹߦ቟ቯߥ‛⾰ߢ޽ࠅ㧘ᄢ᳇ਛߩ CFCs Ớᐲߪⷙ೙೨߹ߢ߶
86
ࠆ޿ߡߒ᦭ࠍᕈ․ߥ೑᦭ߦᏱ㕖ߡߒߣ࡯ࠨ࡯࡟࠻㧘ߤߥࠆ޿ߡߒടჇߦ⺞න߷
ޕࠆ޽ߢല᦭ߦቯផ㑆ᤨ⇐ṛߩ᳓ਅ࿾ጀᵻ㧘޿⍴ߩ㑆ᤨ⇐ṛߦߊߣ㧘ࠄ߆ߣߎ
↪ㆡߦቯផ㑆ᤨ⇐ṛߩ᳓ਅ࿾ߡߒߣ࡯ࠨ࡯࡟࠻ࠍ sCFC㧘ߪߡ޿߅ߦౝ࿖ߒ߆ߒ
ߩߎޔߪᐲᐕᧄޔࠅ޽ߢ⁁⃻߇ߩ޿ߥ޿ߡࠇߐ┙⏕߽ᴺᚻᨆಽ㧘ߊߥߪ଀ߚߒ
ޕߚߒߣᮡ⋡ߩߘࠍߣߎ߁ⴕࠍ⊒㐿ߩᴺቯផ㑆ᤨ⇐ṛ᳓ਅ࿾ࠆࠃߦᴺ㨟CFC
ᨐᚑⓥ⎇ߩᐲᐕ㧤1H .2
㧘ߣࠆߔ⸅ធߣ᳇ᄢ߇࡞ࡊࡦࠨ᳓ߒ߽㧘ࠅ޽ߢ૕᳇ࠆߔ࿷ሽߦਛ᳇ᄢߪ sCFC
ࠇߐᨴᳪߦ sCFC ߩਛ᳇ᄢ㧘ᨐ⚿ߩߘޕࠆߔ౉ᷙߦ࡞ࡊࡦࠨ᳓߇ sCFC ߩਛ᳇ᄢ
ޕߔࠄߚ߽ࠍ࡯࡜ࠛߥೞᷓߦᨐ⚿㧘ࠅߥߦߣߎࠆߔᨆಽ࡮ቯ᷹ࠍ࡞ࡊࡦࠨ᳓ߚ
࡞ࡊࡦࠨ᳓㧘߇ౕེࠆߔ᦭ࠍ⾰ᕈߚߞ޿ߣߤߥࠆߔ⌕ 㧘ๆࠆࠇ߹฽߇ sCFC ߚ߹
޿߅ߦ㓏Ბฦߩᨆಽ࡮᳓ណߡߞࠃޕߔ߷෸ࠍ㗀ᓇߦᨐ⚿߽ࠇߎ㧘߫ࠇߔ⸅ធߦ
ޕࠆࠇࠄ߼᳞߇ᴺᣇߚߒ㒰ឃࠍᕈ⢻นߩᨴᳪࠆࠁࠄ޽㧘ߡ
 ,.la te nospmohT㧔ࡦࠗ࡜ℂಣ೨ᨆಽ sCFC ߩ᳓ਅ࿾ࠆࠃߦࠄ nospmohT .1 ࿑
ޕ㧕4791
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Thompson, et al. 䋨 1974 䋩 ߅ ࠃ ߮
Thompson and Hayes 䋨1979䋩ߪ㧘࿾ਅ᳓ਛ
ߩ CFC-11 Ớᐲࠍ᷹ቯߔࠆߚ߼㧘Ყセ⊛ࠪ
ࡦࡊ࡞ߥಽᨆ࡜ࠗࡦࠍឭ᩺ߒߡ޿ࠆ䋨࿑
13䋩ޕߎߩಽᨆ࡜ࠗࡦߪ࿾ਅ᳓ࠨࡦࡊ࡞ਛ
ߩ CFC ࠍ㜞⚐ᐲߩ N2 ߢࡃࡉ࡝ࡦࠣߒ㧘ㅊ
޿಴ߒߚṁሽࠟࠬࠍૐ᷷Ớ❗↪ߩ࠻࡜࠶
ࡊߢỚ❗㧘ߘߩᓟ࠻࡜࠶ࡊࠍടᾲߒ CFC
ࠍ ECD ઃߩࠟࠬࠢࡠࡑ࠻ࠣ࡜ࡈࠖ࡯ߦዉ
౉ߒ᷹ቯߔࠆޕߘߩᓟ Busenberg and 
Plummer 䋨1992䋩ߪ㧘 Bullister and Weiss 
䋨1988䋩ߩಽᨆ࡜ࠗࡦࠍ߽ߣߦ㧘ⶄᢙߩ
CFCsỚᐲߩ᷹ቯࠍน⢻ߣߒߚಽᨆ࡜ࠗࡦ
ࠍ૞ᚑߒ㧘ਥߦ☨࿖ࠍਛᔃߣߒߚⶄᢙߩ࿾ၞߦ߅ߌࠆ࿾ਅ᳓ߩṛ⇐ᤨ㑆ផቯߦ
ㆡ↪ߒߡ޿ࠆޕ
 ࿾ਅ᳓ࠨࡦࡊ࡞ߩណ᳓ߪ㧘ኒኽ↪ߩਛࡉ࠲߇ઃዻߒߡ޿ࠆࡀࠫญߩࠟ࡜ࠬ↉
ኈེࠍ↪޿ࠆ႐ว߇ᄙ޿ࠃ߁ߢ޽ࠆޕUSGS ߢߪ㧘ࠬ࠹ࡦ࡟ࠬኈེౝߦ౉ࠇߚ
125 mL ࠟ࡜ࠬ↉ౝߦ㧘឴ ᳓ࡐࡦࡊ߆ࠄዉ᳓ߐࠇߚ࿾ਅ᳓ࠍ㧘࠽ࠗࡠࡦ࠴ࡘ࡯ࡉ㧘
㌃▤ࠍㅢߓዉ౉ߒ㧘৻ቯᤨ㑆ࠬ࠹ࡦ࡟ࠬኈེߏߣ឴᳓ߒߚ࿾ਅ᳓ߢࠝ࡯ࡃ࡯ࡈ
ࡠ࡯ߐߖߚᓟߦ᳓ਛߢኒኽߒ㧘ขࠅ಴ߒߡࠪ࡯࡞ߔࠆᣇᴺ߇↪޿ࠄࠇߡ޿ࠆޕ
ߎߩᣇᴺߦࠃࠇ߫㧘ኒኽᓟ࿾ਅ᳓ࠨࡦࡊ࡞ߦṁሽߒߡ޿ࠆⓨ᳇߇᳓᷷࡮᳓࿶ᄌ
ൻߩߚ߼ߦណ᳓ᓟࠟ࡜ࠬࡏ࠻࡞ౝߢ᳇ᵃߣߒߡ⊒↢ߔࠆ߇㧘ၮᧄ⊛ߦᄖㇱ߆ࠄ
ߩⓨ᳇ߩᷙ౉ߪ߶ߣࠎߤ⊒↢ߒߥ޿ޕ
 ╩⠪ࠄߪ㧘USGS ߩᣇᴺࠍෳ⠨ߦ㧘ࠬ ࠹ࡦ࡟ࠬኈེࠍ↪޿ߡታ㓙ߩ࿾ਅ᳓߅ࠃ
߮ḝ᳓ߩ⹜㛎ࠨࡦࡊ࡝ࡦࠣࠍਇ⍮Ἣ᳓ᢥ‛⾰ᓴⅣ⹜㛎ᵹၞ㧔ᾢᧄ⋵ቝ࿯㇭ਇ⍮
Ἣ↸㧕ߦ߅޿ߡታᣉߒߚ㧔࿑㧞㧕ޕߎߩ⹜㛎ᵹၞߢߪ࠻࡝࠴࠙ࡓ߿቟ቯห૏૕Ყ
ࠍ↪޿ߡ㧘ᵹၞౝߩฦ࿾ਅ᳓࡮ḝ᳓ߦߟ޿ߡṛ⇐ᤨ㑆ߩᬌ⸛߇ⴕࠊࠇߡ޿ࠆ
㧔Inoue et al., 2005㧕ޕᧄ⎇ⓥߢߪ⹜㛎ᵹၞౝߦ߅޿ߡ㧘ḝ᳓ 3 ࡩᚲ㧔S-2, S-6, S-15
࿾ὐ㧕߅ࠃ߮ᶏጯߩ᷹ⷰ੗㧔SB-2D㧦ᷓᐲ 50 m㧘⥄ྃ੗㧕ࠍㆬ߮㧘ࠨࡦࡊ࡞ߩ
ណ᳓ࠍⴕߞߚ㧔࿑㧟㧕ޕ
ࠨࡦࡊ࡞ߩណ᳓ߪ㧘ᄢ᳇ਛߩ CFCs ߦࠃࠆᳪᨴࠍ㒐ᱛߔࠆߚ߼㧘ߢ߈ࠆ㒢ࠅᄢ
᳇߇ࠨࡦࡊ࡞ߦᷙวߒߥ޿ࠃ߁ߦ㈩ᘦߒߡⴕߞߚޕᣇᴺߩ᭎ⷐߪ㧘ᰴߩࠃ߁ߦ
࿑ 2. CFCs ಽᨆ↪ߩ᳓ࠨࡦࡊ࡝ࡦࠣࠪࠬ࠹ࡓ
ߩ᭎ⷐޕ
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ߥࠆޕ20 L ߩࠬ࠹ࡦ࡟ࠬ࠲ࡦࠢਛߦ 125 mL ߩࠨࡦࡊ࡞ណ᳓↪ߩࠟ࡜ࠬ↉㧘߅ࠃ
߮ࠠࡖ࠶ࡊࠍ౉ࠇ㧘వ┵ࠍࠟ࡜ࠬ↉ߩᐩ߹ߢᝌ౉ߒߚ࠴ࡘ࡯ࡉࠍ↪޿ߡ㧘ḝ᳓
߹ߚߪ࿾ਅ᳓ࠍ⋥ធዉ౉ߒߚᓟ㧘ࠟ࡜ࠬ↉߅ࠃ߮ࠬ࠹ࡦ࡟ࠬ࠲ࡦࠢࠍࠝ࡯ࡃ࡯
ࡈࡠ࡯ߐߖ㧘ࠟ࡜ࠬ↉ౝߩ᳓߇ቢోߦᣂߒߊ౉ࠇᦧࠊߞߚߣߎࠈߢ࠴ࡘ࡯ࡉࠍ
ᛮ߈㧘࠲ࡦࠢౝߩ᳓ਛߢ᳇ᵃ߇౉ࠄߥ޿ࠃ߁ߦࠠࡖ࠶ࡊࠍ㐽ߓߚޕߘߩᓟ᳇ᵃ
߇ߥ޿ߎߣ⏕⹺ߒ㧘ࠠࡖ࠶ࡊㇱಽࠍࡉ࠴࡞࠹࡯ࡊ߅ࠃ߮ࡆ࠾࡯࡞࠹࡯ࡊߢࠪ࡯
࡝ࡦࠣߒ㧘ኒ㐽ߒߚޕߥ߅㧘ࠟ࡜ࠬ↉ౝ߳ߩࠨࡦࡊ࡞ߩዉ౉ߪ㧘น⢻ߥ㒢ࠅ᳓
㗡Ꮕߢዉ౉ߒ㧘ਇน⢻ߥ࿾ὐߩߺᶧㅍࡐࡦࡊࠍ↪޿ߡዉ౉ߒߚ㧔࿑㧞㧕ޕ
ណขߒߚࠨࡦࡊ࡞ߪ㧘࿑㧠ߦ␜ߔ࡜ࠗࡦߦࠃߞߡ࿾ਅ᳓ਛߦṁሽߒߡ޿ࠆ
CFCs ࠍ᝝㓸ߒ㧘ECD㧙ࠟࠬࠢࡠࡑ࠻ࠣ࡜ࡈ㧔ፉᵤ⵾૞ᚲ Shimadzu GC-8AIE㧕ߦ
⴫ 1. ࠨࡦࡊ࡞ߩ⻉రߣಽᨆ⚿ᨐޕ
3H EC
CFC12 CFC11 CFC113 (TU) (mS/m)
S-6 Spring Headwater 218.35 427.72 52.66 15 2.0 11.7
S-2 Spring Midstreamregion 139.66 244.25 33.97 25 2.3 13.8
S-15 Spring Coastline 27.22 60.83 - > 50 2.2 19.2
SB-2D Deepborehole Coastline 23.85 29.78 - > 50 0.1 19.2
Dating by
CFC
Concentration (pg/kg)Sample Type Environment
㪪㪄㪍㪪㪄㪉
㪪㪄㪈㪌㪪㪙㪄㪉㪛
࿑ 3. ⹜㛎ࠨࡦࡊ࡝ࡦࠣࠍታᣉߒߚᾢᧄ⋵ਇ⍮Ἣ↸ߩ⹜㛎ᵹၞ᭎ⷐޕ
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ࠃࠅ CFC-11㧘CFC-12㧘CFC-113 ࠍ᷹ቯߒߚޕ⚿ᨐࠍ⴫ 2 ߦ␜ߔޕߎࠇߦࠃࠇ߫㧘
SB-2D ߦ߅ߌࠆ CFC-11 ߪ 15 pg/kg ⒟ᐲߣ߈ࠊ߼ߡૐߊ㧘৻ᣇ S-2 ߩߘࠇߪ 260
pg/kg ࠍ␜ߒߚޕߎߩ୯ࠍ↪޿㧘ណ᳓࿾ਅ᳓ࠨࡦࡊ࡞ߩṛ⇐ᤨ㑆ࠍផቯߔࠆߣ㧘
Ḯᵹၞߩḝ᳓ߦ߅޿ߡṛ⇐ᤨ㑆 15 ᐕ㧘ਛᵹၞߩߘࠇߪ 25 ᐕ㧘ᴪጯㇱߦ߅޿ߡ
50 ᐕએ਄ߣផቯߐࠇࠆޕ
࿑ 4. CFCs ಽᨆ↪೨ಣℂ࡜ࠗࡦ
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࿑㧡 ਇ⍮Ἣ⎇ⓥ࿾ၞߦ߅ߌࠆ࿾ਅ᳓ਛߩ࠻࡝࠴࠙ࡓỚᐲ䋨+PQWGGVCN䋩
࿑  ࠻࡝࠴࠙ࡓỚᐲ෸߮὇⚛  Ớᐲࠍၮߦߒߚਇ⍮Ἣ⎇ⓥ࿾ၞ࿾ਅ᳓ߩ
ᐕ㦂ಽᏓ᭎ᔨ࿑㧔+PQWGGVCN㧕

㧟㧚ᚑᨐߩ㆐ᚑᐲ
CFC㨟ᴺߦផቯߐࠇߚ࿾ਅ᳓ᐕઍߪޔਇ⍮Ἣ⎇ⓥᵹၞߦ߅޿ߡߎࠇ߹ߢߦ᣿ࠄ
߆ߦߐࠇߡ޿ࠆ᷹ⷰ੗ࠍ↪޿ߚ࿾ਅ᳓ࡐ࠹ࡦࠪࡖ࡞⸃ᨆߩ⚿ᨐߥߤߣᢛวᕈ߇
ߺࠄࠇࠆߣ౒ߦޔߐࠄߦ࿑㧡߿㧢ߦ␜ߐࠇࠆࠃ߁ߦ࠻࡝࠴࠙ࡓ߿὇⚛ 14ࠍ↪޿
ߚᣢሽߩ࿾ਅ᳓ᐕઍಽᏓ․ᕈ⎇ⓥߢߪಽ⸃⢻ߩή߆ߞߚ㧡㧜ᐕએਅߩṛ⇐ᤨ㑆
⸃ᨆ߇ CFCs ᴺߦࠃߞߡน⢻ߢ޽ࠆߎߣ߇␜ߐࠇߚޕ߹ߚޔ὇⚛ᐕઍߢ 1950 ᐕ
ࠍ␜ߔ SB-2Dߩḝ᳓ߦ߅޿ߡ 3H㧘CFC߇߶ߣࠎߤᬌ಴ߐࠇߥ߆ߞߚߎߣߪ㧘ᒰ
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⹥࿾ၞߢߪੱὑ⿠Ḯߩᦨㄭߩ CFC㨟ߩᷙ౉ߩ ᔨ߇ή޿ߎߣࠍ␜ߔ߽ߩߢ޽ࠅޔ
ᚒ߇࿖ߦ߅޿ߡ CFCs ߇࿾ਅ᳓ᐕઍ᳿ቯߩ࠻࡟࡯ࠨ࡯ߣߒߡ᦭ലߢ޽ࠆߎߣ߇
ⵣߠߌࠄࠇߚޕ
4㧚H1㧥ᐕᐲߩ⋡⊛࡮⋡ᮡ
 H㧝㧤ᐕᐲߩᚑᨐߣߒߡޔ㧯㧲㧯s ᴺߦࠃࠆ࿾ਅ᳓ᐕઍ᷹ቯࠪࠬ࠹ࡓ߇⏕┙ߐ
ࠇߚߩߢޔH19 ᐕᐲߪߎߩᚻᴺࠍ࿖ౝ߅ࠃ߮ᶏᄖߩ࿾ਅ᳓ߦㆡᔕߒޔߘߩ᷹ቯ
੐଀ࠍჇ߿ߒߡࠁߊߎߣߢޔᧄᚻᴺߩ᦭ലᕈߣ㒢⇇ࠍ⷗ᭂ߼ߡࠁߊ੍ቯߢ޽ࠆޕ
5㧚H1㧤ᐕᐲߩ⎇ⓥ⾌ขᓧ⁁ᴫ
࡮⑼ቇ⎇ⓥ⾌
⑼⎇⾌ၮ⋚ 䋨B䋩䋨2䋩 ᐔᚑ 16-18 ᐕᐲ ᑄ᫈‛ಣಽߦ㑐ࠊࠆ቟ోᕈᬌ⸛ߩߚ߼
ߩᴪጯ࿾࿤ၞ࿾ਅ᳓ᵹേࠪࠬ࠹ࡓߩតᩏᛛⴚ㐿⊒㧚ᓼ᳗᦮␽㧔ઍ⴫䋩ޔ౐Ꮉୃ
৻ޔ᎑↰ ⚐ޔᄢਭ଻ᵏ㇌ޔ20000ජ౞
⑼⎇⾌ၮ⋚⎇ⓥ䋨㧮䋩䋨ᶏᄖቇⴚ⺞ᩏ㧕 ᐔᚑ㧙ᐕᐲ ᧲ࠕࠫࠕᴪጯၞߦ߅
ߌࠆ࿾ਅ᳓ᵹ಴ߦ઻߁὇⚛࡮ᩕ㙃Ⴎ㘃⽶⩄㊂ߩ⹏ଔ㧚⼱ญ⌀ੱ㧔ઍ⴫䋩ޔ⫱↢
ବᢘޔᓼ᳗᦮␽ޔችጟ㇌છޔᒛ ഹޔ᎑↰ ⚐ޔዊ㊁ኹ⌀৻ ජ౞
⑼⎇⾌ ၮ⋚⎇ⓥ䋨%䋩ᐔᚑ㧙ᐕᐲ ࡑ࡞࠴࡮࠻࡟࡯ࠨ࡯ᚻᴺߦࠃࠆᵹၞ᳓࡮
‛⾰ᓴⅣࡊࡠ࠮ࠬߩࡕ࠺࡞ൻߦ㑐ߔࠆ⎇ⓥ㧚 ㄞ᧛⌀⾆㧔ઍ⴫䋩ޔ᎑↰ ⚐
 ජ౞
⑼⎇⾌ ၮ⋚⎇ⓥ䋨#㧕ᐔᚑ㧙ᐕᐲ ⇣Ᏹ㑆㓗᳓࿶ጀߩ⊒↢࡮਄᣹ࡔࠞ࠾࠭
ࡓߣᐢၞ࿾ਅ᳓ᵹേޔ⥄ὼἴኂߦ෸߷ߔᓇ㗀 ↰ਛ๺ᐢ㧔ઍ⴫䋩ޔች↰㓶৻㇢ޔ
ජᧁ⦟㓷ᒄޔᓼ᳗᦮␽ޔ੹ጟᾖ༑ޔਛ↰⧷ੑޔ᎑↰ ⚐ޔ㊄᛬⵨มޔ⍹↰ Პޔ
㚍ේ଻ౖޔ38600 ජ౞
࡮ߘߩઁߩ⎇ⓥ⾌
ㇺၔᏒฃ⸤⎇ⓥ⾌ ᐕᐲޔઍ⴫ ජ౞㧘ޡㇺၔ⋆࿾ߩ࿾ਅ᳓ᵹേ࡮ᓴⅣ
ᯏ᭴⸃ᨆޢ
✚ว࿾⃿ⅣႺቇ⎇ⓥᚲ ᐕᐲ౒ห⎇ⓥޔಽᜂ ජ౞㧘ޡㇺᏒߩ࿾ਅⅣ
Ⴚߦᱷࠆੱ㑆ᵴേߩᓇ㗀ޢ
ේሶജⅣႺᢛ஻ଦㅴ࡮⾗㊄▤ℂ࠮ࡦ࠲࡯ ࿾ጀಣಽ㊀ⷐၮ␆ᛛⴚ⎇ⓥ⺞ᩏ 
ᐕᐲ ජ౞ ޡၸⓍጤ࿾ၞߦ߅ߌࠆႮ᷆Ⴚ⇇ߦ㑐ߔࠆ⎇ⓥޢ ᓼ
᳗᦮␽㧔ઍ⴫䋩࡮᎑↰ ⚐㧔ಽᜂ㧕
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⾗Ḯ࡮⚛᧚ቇળᷓޔ ㇱ࿾⾰ⅣႺ⺞ᩏ⸃ᨆᛛⴚ૕♽ൻᆔຬળ ฃ⸤⎇ⓥ ޡ࿾ਅ᳓
ߩ࿾⃿ൻቇ⊛⺞ᩏߦ㑐ߔࠆ⎇ⓥޢޔಽᜂ ජ౞
ᚢ⇛⊛ၮ␆⎇ⓥផㅴ੐ᬺ⚻⾌ᐕᐲޡർ᧲ࠕࠫࠕᬀ↢ᄌㆫၞߩ᳓ᓴⅣ
ߣ↢‛࡮ᄢ᳇࿤ߩ⋧੕૞↪ߩ⸃᣿ޢ᧖↰୶᣿㧔ઍ⴫㧕߶߆ޔಽᜂජ౞
ᩭΆᢱࠨࠗࠢ࡞ᯏ᭴వ┵ၮ␆⎇ⓥഥᚑᐔᚑᐕᐲ Ⴎ⚛቟ቯห૏૕Ყࠍ↪
޿ߚ᳓ℂ࿾⾰᭴ㅧࡕ࠺࡞⹏ଔᛛⴚߩ㐿⊒㧚ᓼ᳗᦮␽㧔ઍ⴫䋩ޔ᎑↰ ⚐ޔ੗ዥ
⵨ੑޔዊ㊁⺈ޔ ජ౞

࡮ᆔછ⚻ℂ㊄ 㧞ઙ 㧔1200 ජ౞㧕
6㧚H1㧤ᐕᐲߩ⎇ⓥ⊒⴫ޔ․⸵⁁ᴫ
䋨1䋩 ේ⪺⺰ᢥߦࠃࠆ⊒⴫
࡮ ࿖ౝ⹹㧔๺ᢥ㧕
㧔㧝㧕ኹᧄ㓷ሶޔ᎑↰ ⚐ޔ࿖ਣ⾆♿㧔2006㧕㧦ࠦࠕ㑆㓗᳓ਛߩ቟ቯห૏૕Ყࠍ
߽ߣߦߒߚૐㅘ᳓ᕈၸⓍጤ⋚ߦ߅ߌࠆ࿾ਅ᳓᜼േߩళ୥㧚ᔕ↪࿾⾰ 47
䋨2䋩㧘68-76.
㧔㧞㧕═⼱⾆ผޔᓟ⮮ᔘᓼޔ૒⮮ ჽޔ᎑↰ ⚐㧔2006㧕㧦౎ઍᶏᐓẟߢߩ VLF-MT
តᩏߦࠃࠆḝ᳓ᬌ಴㧚‛ℂតᩏޔ59㧔5䋩ޔ497-504.
㧔㧟㧕ᧃ↰ᥓ਽ޔ᎑↰ ⚐ޔᄢ႐๺ᒾޔਣጊ◊ᔒޔ㜞㊁಴ᕺ㧔䋩㧦ቝ࿯ඨፉ
ዊᵹၞߦ߅ߌࠆ౻ቄߩዪ࿾᳇⽎․ᕈ㧚਻Ꮊߩㄘᬺ᳇⽎╙Τ㓸㧡ภޔ

㧔㧠㧕ᧃ↰ᥓ਽ޔᄢ႐๺ᒾޔ᎑↰ ⚐ޔਣጊ◊ᔒޔ㑐ጟା৻㧔䋩㧦࠻࠙ࡕࡠࠦ
ࠪ⟲⪭ߦ߅ߌࠆㆤᢿ㔎㊂ߩ⹏ଔ㧚਻Ꮊߩㄘᬺ᳇⽎╙Τ㓸㧡ภޔ
࡮ ࿖㓙⹹㧔᰷ᢥ㧕
㧔㧝㧕6CPKIWEJK/6+UJKVQDK,5JKOCFCCPF06CMCOQVQ䋨䋩'X
CNWCVKQPUQHURCVKCNFKUVTKDWVKQPQHUWDOCTKPGITQWPFYCVGTFKUE
JCTIG)GQRJ[U4GU.GVV.FQK).

㧔㧞㧕Maki Tsujimura, Yutaka Abe, Tadashi Tanaka, Jun Shimada, Satoru Higuchi, 
Tsutomu Yamanaka, Gombo Davaa, Dambaravjaa Oyunbaatar 䋨2006䋩: Stable 
isotopic and geochemical characteristics of groundwater in Kherlen River 
basin, a semi-arid region in eastern Mongolia, Jour. of Hydrology, Vol.333, 
No.1, 47-57. 
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䋨2䋩 ේ⪺⺰ᢥએᄖߦࠃࠆ⊒⴫
࡮ߘߩઁ
㧔㧝㧕᎑↰ ⚐䋨䋩㧦ᾢᧄߩ᳓ߩᕺߺޔᣣᧄἫጊቇળ౏㐿⻠ᐳ࠹ࠠࠬ࠻ޔ
㧔㧞㧕᎑↰ ⚐䋨䋩㧦ⅣႺห૏૕ࠍ↪޿ߚ࿾ਅ᳓ᓴⅣࡊࡠ࠮ࠬߩ⎇ⓥ㧚⚦⢩Ꮏ
ቇ8QN0Q
㧔㧟㧕᎑↰ ⚐䋨䋩㧦࿾ਅ᳓ߩ࿾⃿ൻቇ⊛⺞ᩏߦ㑐ߔࠆ⎇ⓥ ᷓㇱ࿾⾰ⅣႺ
ߩ⺞ᩏ㨯⸃ᨆᛛⴚߩ૕♽ൻߦ㑐ߔࠆ⎇ⓥ䋨ᐔᚑ㧝㧣ᐕᐲ䋩ႎ๔ᦠ䇴␠ޜ
⾗Ḯ࡮⚛᧚ቇળ
㧔㧠㧕᎑↰ ⚐䋨䋩㧦ጊ૕ၮ⋚ጤ࿾ਅ᳓ᵹേߩታᘒ⸃᣿ߣߘߩ᳓⾗Ḯ⊛⹏ଔ.
ᐔᚑ 14-17 ᐕᐲ⑼ቇ⎇ⓥ⾌⵬ഥ㊄⎇ⓥᚑᨐႎ๔ᦠ. 㧼㧚227
䋨3䋩 ቇળ⊒⴫
䋨䋩 ቝ࿯ඨፉḮᵹၞߦ߅ߌࠆ᳓ᓴⅣ⸃ᨆ㧦᷹ⷰ୯ౣ⃻ᕈ߆ࠄ⷗ߚ࿾ਅ᳓ℂ᭴ㅧ
ߩផቯ௝㧚ᯅ⹣ޔ⊓ဈޔ᎑↰㧚ᣣᧄ࿾ਅ᳓ቇળᐔᚑ  ᐕᐲᤐቄቇⴚ⻠Ṷ
ળ⺰ᢥ㓸0Q
䋨䋩 Ყᛶ᛫ᴺࠍ↪޿ߚጊ࿾Ḯᵹၞߦ߅ߌࠆ࿾ਅ᳓Ꮺߩ⾂⇐㊂ᄌേ․ᕈߩᛠី㧚
ዊ㊁ޔ᎑↰ޔ૒⮮ޔ૒⮮㧚ᣣᧄ࿾ਅ᳓ቇળᐔᚑ  ᐕᐲᤐቄቇⴚ⻠Ṷળ⺰
ᢥ㓸0Q
䋨䋩 %(% ࠻࡟࡯ࠨ࡯ࠍ↪޿ߚ࿾ਅ᳓ߩṛ⇐ᤨ㑆ផቯߦ㑐ߔࠆၮ␆⎇ⓥ㧚㧔ㄞ᧛ޔ
ᄥ↰㧘ᵻ੗ޔ᎑↰ޔ㐳⼱Ꮉ㧕ᣣᧄ࿾ਅ᳓ቇળᐔᚑ  ᐕᐲᤐቄቇⴚ⻠Ṷળ
⺰ᢥ㓸㧘0Q
䋨䋩 ⥄ὼ㔚૏ᴺ㧔52 ᴺ㧕ࠍ↪޿ߚᐢၞ࿾ਅ᳓ᵹേᛠីߦ㑐ߔࠆ⎇ⓥ㧚࿾⃿ᖺᤊ
⑼ቇ㑐ว  ᐕᄢળ  ᐕ  ᦬㧔૒⮮ ჽ࡮᎑↰ ⚐࡮ᓟ⮮ᔘᓼߦࠃࠆ
౒⪺㧕
䋨䋩 ᴪጯၞߦ߅ߌࠆầ૏ᄌൻߦ઻߁ᶏᐩ࿾ਅ᳓ḝ಴㊂ߩᄌേ․ᕈ㨫࿾⃿ᖺᤊ⑼
ቇ㑐ว  ᐕวหᄢળ  ᐕ  ᦬㧔⍹㘧ᥓᔨ࡮⼱ญ⌀ੱ࡮᎑↰ ⚐ߦࠃ
ࠆ౒⪺㧕
䋨䋩 ቝ࿯ඨፉߩἫᚑጤᵹၞߦ߅ߌࠆታ⫳⊒ᢔ㊂ࠍၮߦߒߚᵹၞ᳓෼ᡰߩ⹏ଔ㧚
࿾⃿ᖺᤊ⑼ቇ㑐ว  ᐕᄢળ  ᐕ  ᦬㧔ᧃ↰ᥓ਽࡮᎑↰ ⚐࡮ᄢ႐๺
ᒾ࡮㜞ᧄዏᒾߦࠃࠆ౒⪺㧕
䋨䋩 ኽ౉ⓨ᳇߇㒠㔎ᵹ಴ߦ෸߷ߔᓇ㗀㨫࿾⃿ᖺᤊ⑼ቇ㑐วᐕวหᄢળ
ᐕ ᦬㧔ฎ⼱㤗⟤࡮ᕲ↰⵨৻࡮ㄞ᧛⌀⾆࡮Ⴧᷨஜ࡮᎑↰⚐ߦࠃࠆ౒⪺㧕
䋨䋩 ࠲ࠗ࡮ࡃࡦࠦࠢ๟ㄝߦ߅ߌࠆ࿾ਅ᳓ߩ‛⾰ャㅍߩᄌൻ ᣣᧄ࿾ਅ᳓ቇળ
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 ᐕ⑺ቄ⻠Ṷળ⻠Ṷⷐᣦ㧚 ᐕ  ᦬ 㧔ዊ㊁ኹޔ⼱ญޔᢧ⮮ޔ᎑↰
ߦࠃࠆ౒⪺㧕
䋨䋩 ࠗࡦ࠼ࡀࠪࠕ࡮ࠫࡖࠞ࡞࠲ߦ߅ߌࠆ࿾ਅ᳓ߩ᳓⾰․ᕈ ᣣᧄ࿾ਅ᳓ቇળ
 ᐕ⑺ቄ⻠Ṷળ⻠Ṷⷐᣦ㧚 ᐕ  ᦬ 㧔ᴛ㊁ޔዊ㊁ኹޔ(CLCTޔ᎑
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䋨䋩ㇺၔ⋆࿾ߦ߅ߌࠆ࿯࿾೑↪࡮࿾ᒻ࡮࿾⾰᭴ㅧߣ࿾ਅ᳓ᵹേ ᣣᧄᔕ↪࿾⾰
ቇળᐔᚑ  ᐕᐲ⎇ⓥ⊒⴫ળⷐᣦ㓸  ᐕ  ᦬ 㧔ਃ਄ޔ᎑↰ޔゲ࿦ߦ
ࠃࠆ౒⪺㧕
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䋨䋩2CNGQJ[FTQNQI[KPHQTOCVKQPHTQOVJGNCMGDQVVQOFGRQUKVEQTGCPFKVU
RQTGYCVGT.CMG-CUWOKICWTC,CRCP䋨6CMCOQVQ5JKOCFC6QMWPCIC䋩
*##)7HCNNOGGVKPI
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,CRCPYKVJVJGTGNCVKQPQHVJGTGIKQPCNITQWPFYCVGTHNQYU[UVGO
䋨/KMCOK5JKOCFC<KMW\QPQ䋩*$#)7HCNNOGGVKPI
䋨䋩&KHHWUKQPNKOKVGFEJNQTKFGOKITCVKQPTGXGCNGFD[UVCDNGEJNQTKPG
KUQVQRGRTQHKNGCPFFCVKPIQHITQWPFYCVGTCIGCV;CVUWUJKTQDC[
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䋨4㧕 ․⸵⁁ᴫ 㧦 ߥߒ
㧣㧚ߘߩઁ㧴㧝7ᐕᐲߦ߅ߌࠆ․╩ߔߴ߈ᵴേ
 㧴㧝㧣ᐕᐲߦ߅ߌࠆᵴേߣߒߡㅊടߔߴ߈㗄⋡ߣߒߡਅ⸥ߩ᜗ᓙ⻠Ṷ╬ࠍ
ⴕߞߚޕ
࡮ᾢᧄ࿾ၞߩ࿾ਅ᳓̆ਁㇺᏒࠍᡰ߃ࠆ࿾ਅ᳓ߣߩ౒↢̆㧚╙࿁ᾢᧄ᳓㆏⎇ⓥ
ળ㧚 ᐕ᦬ᣣ㧘ᾢᧄᄢቇᎿቇㇱ‛⾰ൻቇ᫟㧞㓏ળ⼏ቶ㧚
࡮Ἣጊጤᵹၞߦ߅ߌࠆᐢၞ࿾ਅ᳓ᵹേߩታᘒ⸃᣿ߦ㑐ߔࠆ⎇ⓥ㧚࿾࿤⑼ቇᛛⴚ⎇
ⓥᐔᚑᐕᐲ╙࿁⎇ⓥㇱળଐ㗬⻠Ṷ㧚㨾㩧㩆㩨㩐㨻㩢㩧㩂㩨ᝄ⥝දળ࿾ਅ㐿⊒೑↪⎇ⓥ㩈
㩧㩊㨺㧚ᐕ᦬ᣣ㧘᧲੩㔰ጊળ㙚
࡮+PVGITCVGF)TQWPFYCVGT4GUQWTEGU/CPCIGOGPVKP9GUVGTP#UQ/QWPVCKP
(QQV)TQWPFYCVGT$CUKP,WP5JKOCFC䋨2TQHGUUQT-WOCOQVQ7PKXGTUKV
[䋩9QTMUJQRQP/CPCIKPI)TQWPFYCVGT4GUQWTEGUHQT*WOCP5GEWTKV[KP
%JCPIKPI)NQDCN%NKOCVGCPF*WOCP+PVGTEGRVKQP,+%#6QM[Q+PVGTPCVKQ
PCN%GPVGT䋨*CVCIC[C䋩6QM[Q#WIWUV
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࡮Sustainable development of groundwater resources to support 700,000 residents’ city 
water ––Trans-boundary groundwater resource management in the case of 
Kumamoto area, Japan ̆  International workshop on Water Cycle and 
Sustainable use of water resources. 16-18 Oct. 2006, Shijiazhuang, China. 䋨Invited
speaker䋩
࡮Irrigation caused groundwater drawdown beneath the North China Plain., ਛ࿖⑼
ቇ㒮࿾ℂ⎇ⓥᚲᄖ࿖ੱ⎇ⓥ⠪․೎⻠Ṷޔ2006ᐕ10᦬13ᣣ
࡮ਁㇺᏒࠍᡰ߃ࠆ࿾ਅ᳓ߣߩ౒↢㧩ᾢᧄ࿾ၞߩ࿾ਅ᳓̆㧚᧲੩ᄢቇ਎♿%1'
ࡊࡠࠫࠚࠢ࠻ޡㇺᏒᜬ⛯ౣ↢ቇߩഃ಴ޢ౏㐿ࠪࡦࡐࠫ࠙ࡓޔޡੱ߇ᄌ߃ࠆㇺᏒ
ߩ࿾ਅ᳓ޢ⻠Ṷ⾗ᢱޔޔ

㧤㧚H18 ᐕᐲ࿷☋ߔࠆඳ჻ᓟᦼ⺖⒟ቇ↢ᢙ㧔ㅴቇ⠪ޔ⇐ቇ↢ޔ␠ળੱߩౝ⸶㧕
ߣ 19ᐕᐲ౉ቇ੍ቯቇ↢ᢙ㧔ౝ⸶㧕
㧴㧝8 ᐕᐲ㧦㧞ฬ㧔ౝ⇐ቇ↢ 1 ฬ㧕
㧴㧝9 ᐕᐲ㧦㧞ฬ㧔ㅴቇ↢㧕
㧥㧚㧴㧝㧥ᐕᐲᄖㇱ⾗㊄↳⺧⁁ᴫ
࡮⑼⎇⾌ၮ⋚㧔#㧕ᐔᚑ 19 ᐕᐲ㨪ᐔᚑ 22 ᐕᐲޔᐢၞ࿾ਅ᳓ᵹേߦ઻߁⎣㉄ᕈ
⓸⚛ߩ⣕⓸ㆊ⒟ߩ⸃᣿ޔ᎑↰ ⚐㧔ઍ⴫㧕ઁ 2 ฬ 50000 ජ౞
࡮⑼⎇⾌ၮ⋚㧔#㧕ᐔᚑ 19 ᐕᐲ㨪ᐔᚑ 22 ᐕᐲޔੱ㑆ᵴേߦࠃࠆห૏૕ᄌേࠍ
ⅣႺ࠻࡟࡯ࠨ࡯ߣߒߚᐢၞ࿾ਅ᳓ᓴⅣᄌേߩ⸃᣿ޔ㚍ේ଻ౖ㧔ઍ⴫㧕ޔ᎑↰
⚐㧔ಽᜂ㧕ઁ㧠ฬ 50000 ජ౞
࡮ᐔ๺ਛፉ⽷࿅㧞㧜㧜㧣㧔ᐔᚑ㧝㧥㧕ᐕᐲࠕࠫࠕ࿾ၞ㊀ὐቇⴚ⎇ⓥഥᚑޔࡃࡦ
ࠣ࡜࠺ࠖ࠶ࠪࡘ㧔ࠟࡦࠫࠬ࡮ࡉ࡜ࡑࡊ࠻࡜࠺࡞࠲࿾ၞ㧕ߦ߅ߌࠆᐢၞ࿾ਅ᳓
ᵹേߩ⸃᣿ޔ ජ౞ޔ᎑↰ ⚐㧔ઍ⴫㧕ޔዊᳰస᣿ޔ4CVKP-WOCT
࡮ᐔ๺ਛፉ⽷࿅㧞㧜㧜㧣㧔ᐔᚑ㧝㧥㧕ᐕᐲ࿖㓙ቇⴚ౒ห⎇ⓥഥᚑޔࠕࡈ࡝ࠞߦ
߅ߌࠆ᳓⾗Ḯߣߩ౒↢ߣ᳓ⅣႺ⽶⩄ૐᷫߩߚ߼ߩ౒ห⎇ⓥޔ ජ౞ޔዊᳰ
స᣿㧔ઍ⴫䋩ޔ᎑↰ ⚐㧔ಽᜂ㧕ޔઁ㧝㧥ฬ


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 ઍ⴫⊛ߥ㐽㎮⊛ౝḧߢ޽ࠅ㧘ᐢᄢߥᐓẟߣᄢầ૏Ꮕߥߤ⁛․ߩ⥄ὼⅣႺߦ޽
ࠆ᦭᣿ᶏ࡮౎ઍᶏߢߪ㧘ㄭᐕߩ↢‛⋧ߩᄌൻߣߘߩ⒳ߩỗᷫ㧘⿒ầߩᄙ⊒㧘᳓
⾰࡮ᐩ⾰ߩᖡൻߥߤ㧘ᕆỗߥⅣႺᖡൻߩᖡᓴⅣ㧔⽶ߩࠬࡄࠗ࡜࡞㧕ߦ㒱ߞߡ޿
ࠆ߽ߩߣ ᔨߐࠇ㧘ᶏၞⅣႺߩ࿁ᓳߣౣ↢ߦ㑐ߔࠆ⑼ቇ⊛⎇ⓥߩታᣉߣߣ߽ߦ㧘
ߘߩౣ↢⛽ᜬኻ╷߇✕ᕆࠍⷐߔࠆ࿖ኅ⊛⺖㗴ߢ޽ࠆ㧚
߹ߚ㧘ߎߩᶏၞߪบ㘑࡮㜞ầ╬ߩᏱⷅ࿾Ꮺߢ߽޽ࠅ㧘ᶏ⽎ἴኂߦኻߔࠆ቟ᔃ࡮
቟ోᕈ⏕଻ߩߚ߼ߩኻ╷߇ਇนᰳߥ࿾ၞߢ߽޽ࠅ㧘ੑᓞ⋧෻ߒߚ̌ⅣႺߣ㒐ἴ̍
ߩ⺞๺ߦ㑐ߔࠆᣧᕆߥቇⴚ⊛࡮ᛛⴚ⊛ኻᔕࠍ㧘✕ᕆ߆ߟⓍᭂ⊛ߦⴕࠊߨ߫ߥࠄ
ߥ޿㧚
ߎߩࠃ߁ߥ㧘㐽㎮ᕈߩ㜞޿᦭᣿࡮౎ઍᶏߩⅣႺߪ㧘᳇⽎࡮ᶏ⽎࡮࿾⽎ߩⅣႺ
᭴ᚑⷐ⚛ߦ↢ᘒ♽߇ടࠊࠅ㧘ߐࠄߦౝ㒽߆ࠄߩੱὑ⊛ᓇ㗀ࠍᄢ߈ߊฃߌࠆⶄ㔀
ߥ࿃ሶߦᡰ㈩ߐࠇࠆⅣႺ♽ߦ޽ࠆ㧚ᓥߞߡ㧘ߎߩᶏၞߦ߅ߌࠆⅣႺᄌേߩࡔࠞ
࠾࠭ࡓߩ⸃᣿ߦ㓙ߒߡߪ㧘ᐢ▸ߥಽ㊁߆ࠄߩቇ㓙⊛࡮✚ว⊛⎇ⓥ૕೙ߣߣ߽ߦ㧘
ⅣႺߩౣ↢⛽ᜬߦ޽ߚߞߡ㧘ߘߩᣇ╷ߩ╷ቯ࡮ታᣉ࡮▤ℂߩ਄߆ࠄ߽㧘⋭ᐡ࡮
ⴕ᡽ߩᨒࠍ⿥߃ߚ㧘↥ቭቇߦࠃࠆ✚ว⊛ߥផㅴ૕೙߇ਇนᰳߢ޽ࠆ㧚
 ᧄ⎇ⓥߪ㧘✕ᕆᕈߩ㜞޿࿾ၞⅣႺߩୃᓳߣ⛽ᜬߦὶὐࠍ⛉ࠅ㧘ᓥ᧪ߩ୘೎⊛
ߥࡊࡠ࠮ࠬ⎇ⓥ߆ࠄ✚૕⊛࡮✚ว⊛ߥ⎇ⓥ߳ߩᯏേ⊛ዷ㐿ࠍน⢻ߣߔࠆቇ㓙⎇
ⓥ㐿⊒ߩࠣ࡜ࡦ࠼࠺ࠩࠗࡦߩ૞ᚑࠍ⋡ᜰߔ㧚ߔߥࠊߜ㧘ⅣႺᖡൻߩේ࿃ߣࡔࠞ
࠾࠭ࡓ߇ਇ᣿ߩ߹߹∋ᑷ⁁ᘒߦ޽ࠆ᦭᣿࡮౎ઍᶏࠍࡕ࠺࡞ߣߒ㧘ᶏၞⅣႺߩⶄ
㔀ߥࡔࠞ࠾࠭ࡓࠍ‛ℂ⊛㧘ൻቇ⊛㧘↢‛⊛ߦᄙ஥㕙߆ࠄ⎇ⓥߒ㧘ⅣႺᄌൻߩ⹏
ଔ࡮੍᷹ࠪࠬ࠹ࡓߩ᭴▽ࠍⴕ߁ߣߣ߽ߦ㧘ᶏၞⅣႺߩᡷༀ╷߿ౝ㒽߆ࠄߩੱὑ
⊛⽶⩄ߩ೥ᷫᛛⴚ㐿⊒ߥߤ㧘ᶏၞⅣႺ଻ోߣ⛽ᜬᣇ╷ߦߟ޿ߡߩ⃻࿾ታ⸽ታ
㛎࡮㐿⊒⎇ⓥߣߣ߽ߦ㧘ᶏ⽎ἴኂߩ⹏ଔ࡮੍᷹ࠪࠬ࠹ࡓߩ᭴▽ࠍⴕ޿㧘ⅣႺߣ
㒐ἴߣ߇⺞๺ߒߚⅣႺ଻ోߩℂᗐ௝ࠍഃ಴ߔࠆߎߣࠍ⋡⊛ߣߔࠆ㧚ߎࠇߦࠃࠅ
 ਎♿ߦ߅ߌࠆᜬ⛯น⢻ߥ࿾ၞ␠ળᒻᚑߩߚ߼ߩ⑼ቇ⊛ዷ㐿ࠍ࿑ࠆ㧚
98
㧔㧞㧕* ᐕᐲߦ߅ߌࠆ⋡⊛࡮⋡ᮡ
17 ᐕᐲߦណᛯߐࠇߚ⿥ᄢဳ⎇ⓥࡊࡠࠫࠚࠢ࠻㧦ᢥㇱ⑼ቇ⋭ߩ⑼ቇᛛⴚᝄ⥝⺞
ᢛ⾌ޟ᦭᣿ᶏ↢‛↢ᕷⅣႺߩୄ⍑ဳౣ↢ߣታ⸽ታ㛎ޠ⎇ⓥࠍਛᔃߦޟ᦭᣿ᶏ࡮
౎ઍᶏߩౣ↢ޠࠍ⋡⊛ߣߒߚ⎇ⓥዷ㐿ࠍⓍᭂ⊛ߦⴕ߁ߣߣ߽ߦ̌ޔ ⅣႺ ̍̌ޔ 㒐ἴ
㧔ᷫἴ㧕̍̌ޔ ⅣႺߣ㒐ἴߩ⺞๺ ̍̌ޔ ቟ᔃ࡮቟ోߢᵴ߈ᵴ߈ߒߚ࿾ၞ␠ળߠߊࠅ ̍ޔ
ࠍ⋡ᮡߣߒߡᒁ߈⛯߈ޔⓍᭂ⊛ߥ⎇ⓥዷ㐿ޔ᡽╷╷ቯᜰዉߥߤࠍ⛮⛯ߔࠆޕ
ᶏၞⅣႺߩౣ↢ߦ㑐ߔࠆ⃻࿾ታ⸽ታ㛎࡮⺞ᩏ෸߮ౣ↢ᣇ╷ߦߟ޿ߡ㧘਄⸥ߩ
ᢥㇱ⑼ቇ⋭ߩ⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌⎇ⓥߩ⎇ⓥߣߣ߽ߦޔ౒ห⎇ⓥߩታᣉࠍⴕ߁㧚
ౕ૕⊛ߦߪ㧘ᶏၞⅣႺ⺞ᩏ⦁ޟᶏノޠߦࠃࠆᶏၞⅣႺ⺞ᩏߣޟ⠹⠼ޠߦࠃࠆᐓ
ẟᡷༀലᨐߦߟ޿ߡߩ࿖࿯੤ㅢ⋭ߣߩ౒ห⎇ⓥߩታᣉ㧚ޟߥ߉ߐ✢㧔᛼߃⋓⍾Ꮏ
ᴺ㧕ޠഃ↢ߦࠃࠆ̌㒐ἴߣⅣႺߣߩ⺞๺ߒߚ̍ᣂߒ޿ᶏጯ଻ో੐ᬺ㐿⊒ߦߟ޿ߡ
ߩㄘᨋ᳓↥⋭ߣߩ౒ห⎇ⓥߩታᣉ㧚ᾢᧄ⋵࿯ᧁㇱ߅ࠃ߮ 021 ᴺੱߣߩ౒ห⎇ⓥ
ߦࠃࠆޟੱᎿᐓẟ㧔㊁㠽ߩᳰ㧕ഃ↢ޠߦࠃࠆⅣႺᄌേߩࡔࠞ࠾࠭ࡓ⺞ᩏ㧘߅ࠃ
߮ᾢᧄ⋵ⅣႺ᡽╷⺖ߣߩ౒หߦࠃࠆᴪጯၞⅣႺታᘒ⺞ᩏ෸߮ᶏၞⅣႺౣ↢╷ߩ
ࡑࠬ࠲࡯ࡊ࡜ࡦ૞ᚑߦขࠅ⚵߻㧚߹ߚޔ੩ㇺᄢቇ㒐ἴ⎇ⓥᚲߣߩ౒ห⎇ⓥ╬ࠍ
ㅢߓߡޔⶄวဳἴኂߩࡂࠩ࡯࠼ࡑ࠶ࡊ૞ᚑߦะߌߚ⎇ⓥࠍታᣉߔࠆ㧚
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䉒䈏࿖ᶏၞ䈱ⅣႺ䊶㒐ἴ䈮㑐䈜䉎ቇⴚ⎇ⓥ䈱ᮭᆭ⠪䈫䈚䈩㪃䋴䋰ᢙ૛䈮෸䈹ฦ⋭ᐡ䊶
⋵╬䈱ᆔຬળ䈱ᆔຬ㐳䊶ᆔຬ䉕ോ䉄㪃᦭᣿䊶౎ઍᶏⅣႺ䈱଻ో䊶ౣ↢䈫㒐ἴ䈮ะ䈔䈩
ⴕ᡽䈻䈱ᜰዉ䊶ឭ⸒䉕ⴕ䈇ᄢ䈇䈮␠ળ䈮⽸₂ਛ䈪䈅䉎䋮㩷
ⅣႺ໧㗴䈪䈲㪃․ߦ᦭᣿࡮౎ઍᶏౣ↢ߩߚ߼ߦⅣႺ⋭䈮⸳⟎䈘䉏䈢䇸᦭᣿䊶౎ઍᶏ
✚ว⺞ᩏ⹏ଔᆔຬળᆔຬ䋨ౣ↢ᴺ䈮ၮ䈨䈒࿖䈱⻁໧ᆔຬળ䋩䇹䉕ㅢ䈛䈩ᄢ޿ߦᛛⴚ
ᜰዉࠍⴕ߁ߣߣ߽ߦޔㄘᨋ᳓↥⋭ޔ᳓↥ᐡޔ࿖࿯੤ㅢ⋭ߩ᦭᣿࡮౎ઍᶏౣ↢ߩ
ߚ߼ߩ߶ߣࠎߤߩᆔຬળߩᆔຬ㐳࡮ᆔຬߣߒߡޔᛛⴚᜰዉ࡮ឭ⸒ࠍⴕߞߡ޿ࠆޕ
߹ߚޔᾢᧄ⋵ߦ߅޿ߡߪޔ᦭᣿ᶏ࡮౎ઍᶏౣ↢ߩߚ߼ߩࡑࠬ࠲࡯ࡊ࡜ࡦ૞ᚑߩ
ᆔຬળࠍ⸳⟎ߒޔᆔຬ㐳ߣߒߡవ㚟⊛ߥᶏၞⅣႺౣ↢ߩᣇ╷ࠍឭ⸒࡮ขࠅ߹ߣ
߼ߚޕ䉁䈢㪃࿖࿯੤ㅢ⋭䉇ㄘᨋ᳓↥⋭䈭䈬䈫౒ห⎇ⓥ䉕䉅ᢙᄙ䈒ታᣉਛ䈪䇮ㄘᨋ᳓↥
⋭਻Ꮊㄘ᡽ዪ₹ฬᮮፉᶏጯߢߪޔ㜞ầ㒐ἴႇ㒐ߩ೨㕙ߦⅣႺ଻ో╷ࠍᣉߒޔⅣ
Ⴚߣ㒐ἴߩ⺞๺ࠍ⋡ᜰߒߚ⃻࿾ታ⸽⹜㛎ࠍⴕ޿ᄢ߈ߥᚑᨐࠍ᜼ߍߚޕᾢᧄᣂ᷼
ߢߪੱᎿᐓẟߩഃᚑޔߥ߉ߐ✢ߩ࿁ᓳ੐ᬺࠍ࿖࿯੤ㅢ⋭ޔᾢᧄ⋵߅ࠃ߮㧺㧼㧻
ߣ౒หߢ⺞ᩏ⎇ⓥߒޔ᦭᣿ᶏ䊶౎ઍᶏౣ↢䈮♖ജ⊛䈮ข䉍⚵䉖䈪䈇䉎䋮㩷
㒐ἴ໧㗴䈮㑐䈚䈩䈲㪃䇸ᾢᧄ⋵㜞ầኻ╷ᬌ⸛ળ䋨ᆔຬ㐳䋩䇹䈪ᗐቯᦨᄢ㜞ầ䉕ၮḰ䈫
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䈚䈢ᣂ䈢䈭㵰ᷫἴ㵱ኻ╷䈱ၮᧄᜰ㊎䉕╷ቯ䈚䈢䋮ᚒ࿖ೋ䈱ᶏጯἴኂ䈱ᷫἴኻ╷䈱ℂ
ᔨ䉕ឭ⸒䈚㪃ᾢᧄ⋵䈍䉋䈶࿖䈱㜞ầᷫἴኻ╷䈱ၮᧄᣇ㊎䈫䈚䈩╷ቯ䈚䈢䋮䈖䉏䉕ฃ䈔
䈩䇸ᾢᧄ⋵ᶏጯ଻ోၮᧄ⸘↹ᬌ⸛ળ䋨ᆔຬ㐳䋩䇹䈪䈲㒐⼔䊶ⅣႺ䊶೑↪䈱⺞๺䉕⋡ᜰ䈚
䈢ၮᧄ⸘↹䉕╷ቯ䈚䈢䋮䈘䉌䈮ⶄวἴኂࠍᗐቯߒߚࡂࠩ࡯࠼ࡑ࠶ࡊ૞ᚑߩ౒ห⎇
ⓥࠍ੩ㇺᄢቇ㒐ἴ⎇ⓥᚲߣߣ߽ߦታᣉߔࠆߣߣ߽ߦޔᾢᧄ⋵ߦޟᾢᧄ⋵ᴡᎹ㨯ᶏ
ጯᷫἴኻ╷ࡊࡠࠫࠚࠢ࠻࠴࡯ࡓળ⼏ޠࠍ⸳⟎ߒߡޔⶄวဳἴኂࠍᗐቯߒߚᷫἴ
᡽╷ߩၮᧄᜰ㊎╷ቯߩ⋥ធᜰዉ╬ࠍ♖ജ⊛ߦⴕߞߚޕߐࠄߦޟ౎ઍᶏർㇱᴪጯ
ㇺᏒ࿾ၞㅪ៤ഃㅧળ⼏ޠߢߪ̍ޔ ἴኂߦߟࠃߊⅣႺߣ⺞๺ߒߚ࿾ၞߠߊࠅ̍ࠍឭ
⸒࡮ᜰዉߒޔ㑐ㅪߩ㧟Ꮢ㧝↸ߢߩ⻠Ṷળ╬㐿௅ࠍㅢߓߡޔᏒ᳃ߦࠃࠆ࿾ၞߠߊ
ࠅߩᵴേࠍዷ㐿ߒߡ޿ࠆޕ
੹䈖䈱ᶏၞ䈏⋥㕙䈜䉎㩷 㵰ⅣႺ䈫㒐ἴ㵱㩷䈱ੑᓞ⋧෻䈜䉎໧㗴䉕ᄢ䈐䈭⺖㗴䈫䈚䈩㪃Ⓧ
ᭂ⊛䈮ข䉍⚵䉖䈪䈇䉎䋮䉁䈢㪃䇸ᾢᧄ⋵౏౒੐ᬺౣ⹏ଔ⋙ⷞᆔຬળ䋨ᆔຬ㐳䋩䇹䉕ᐔᚑ
㪈㪍 ᐕᐲ䉋䉍ൕ䉄㪃 ࿾ၞߩ౏౒ߩ೑ߦ⾗ߔࠆ᡽╷ߩ޽ࠅᣇ╬ߦߟ޿ߡ߽ᜰዉ࡮ឭ⸒
ߒߡ޿ࠆޕ㩷
䉁䈢㪃࿾ၞ䈮䈍䈇䈩䈲㪃ᢥㇱ⑼ቇ⋭䈱ᾢᧄᄢቇ࿾ၞ⽸₂․೎ᡰេ੐ᬺ䈱ઍ⴫䈫䈚䈩
੐ᬺ䉕ផㅴ䈚㪃㵰࿾ၞ␠ળ䈱㒐ἴ䈫ⅣႺ䈱⺞๺㵱㪃㵰ᵴ䈐ᵴ䈐䈚䈩࿾ၞ␠ળ䈨䈒䉍㵱䈮ᄙᄢ
䈱ታ❣䉕䈅䈕䈩䈇䉎䋮䉁䈢㪃䇸᦭᣿䊶౎ઍᶏᴪጯၞⅣႺ⎇ⓥળ䋨㪟㪐䌾䋩㪑ਥቿ䇹㪃䇸㪥㪧㪦䋺䉂
䉌䈇᦭᣿䊶ਇ⍮Ἣ䋨㪟㪈㪊㪅㪍䌾䋩㪑ℂ੐㐳䇹㪃䇸ᾢᧄ⋵ᑪ⸳䉮䊮䉰䊦䉺䊮䉿දળ䋺ᛛⴚ㘈໧䇹㪃
䈠䈱ઁ㪃ⅣႺ䊶ᑪ⸳䊶⺞ᩏ㑐ㅪડᬺ䈱ᢙ␠䈱ᛛⴚᜰዉታᣉ㪃䉁䈢䇸ᐓẟ䊐䉢䉴䉺䇹ታⴕᆔ
ຬ㐳䈭䈬ⅣႺᢎ⢒䉅ታᣉਛ䈪㪃࿾ၞ䈱ⅣႺ䊶㒐ἴ↥ᬺ䈱ᵴᕈൻ䈫䈫䉅䈮㪃⎇ⓥ䊶ᢎ⢒䈱
䊥䊷䉻䊷䈫䈚䈩ᅗ㑵ਛ䈪䈅䉎䋮㩷
ᄢቇ䈪䈱ᢎ⢒䊶⎇ⓥᵴേ䉅㕖Ᏹ䈮ᵴ⊒䈮ⴕ䈦䈩䈍䉍䋬․䈮䋬ㄭᐕ䈱┹੎⊛⎇ⓥ⾗
㊄䈱₪ᓧ䋨䋵ᐕએౝ䋩䈲䋬ᣣᧄቇⴚᝄ⥝ળ䈱⑼ቇ⎇ⓥ⾌ၮ⋚⎇ⓥ䋨㪘䋩䈱䋳⺖㗴䉕฽䉃
䋱䋰⺖㗴䋨✚㗵䋱䋶䋱䋬䋴䋰䋰ජ౞䋩䋬䈠䈱ઁ䈱ᄖㇱ⾗㊄䉅ᄙᢙ₪ᓧ䋨⚂䋴䋰ઙ䋬㪋㪇㪃㪇㪇㪇 ජ౞
䋨䋵ᐕ㑆䋩䋩䈚ᄙᄢ䈱⎇ⓥታ❣䈏䈅䉎䋮․ߦ㧘17 ᐕᐲ߆ࠄ⿥ᄢဳ⎇ⓥࡊࡠࠫࠚࠢ࠻ߢ
޽ࠆᢥㇱ⑼ቇ⋭ߩ⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌㧔ᐔᚑ 17ᐕᐲ㨪21ᐕᐲߩ 5ࡨᐕ㑆㧦⚂ 4
ం౞㧕ࠍ₪ᓧߒ㧘਻Ꮊᄢቇ㧘૒⾐ᄢቇߣㅪ៤ߒߡ᦭᣿ᶏౣ↢ߩߚ߼ߩ⺞ᩏ⎇ⓥ
ߥࠄ߮ߦ⃻࿾ታ⸽⹜㛎ࠍታᣉਛߢ޽ࠆ㧚

㧟ᚑᨐߩ㆐ᚑᐲ
 ᦭᣿࡮౎ઍᶏߩⅣႺౣ↢ߣ㒐ἴߦ߆߆ࠊࠆ✚ว⎇ⓥࠍផㅴߔࠆߦᒰߚߞߡޔ
ቇⴚ⎇ⓥߪ߽ߣࠃࠅޔ᡽╷╷ቯ߳ߩ⋥ធᜰዉ࡮ឭ⸒ޔ࿾ၞ␠ળ૞ࠅ╬ޘޔⓍᭂ
⊛ߦផㅴ࡮ዷ㐿ࠍⴕ޿ᄙᄢߩታ❣ߣ⽸₂ࠍᨐߚߒߡ޿ࠆޕ
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 ⅣႺޔ㒐ἴ㧔ᷫἴ㧕ޔⅣႺߣ㒐ἴߩ⺞๺ޔ቟ᔃ࡮቟ోߢᵴ߈ᵴ߈ߒߚ࿾ၞ␠ળ
ߠߊࠅޔࠍ⋡ᮡߣߒߡ  ᐕᐲߦᒁ߈⛯߈ޔⓍᭂ⊛ߥ⎇ⓥዷ㐿ޔ᡽╷╷ቯᜰዉߥ
ߤࠍ⛮⛯ߔࠆޕ․ߦޔ17 ᐕᐲߦណᛯߐࠇߚ⿥ᄢဳ⎇ⓥࡊࡠࠫࠚࠢ࠻㧔ᢥㇱ⑼ቇ
⋭ߩ⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌ޟ᦭᣿ᶏ↢‛↢ᕷⅣႺߩୄ⍑ဳౣ↢ߣታ⸽ታ㛎ޠ㧕⎇ⓥ
ࠍਛᔃߦޟ᦭᣿ᶏ࡮౎ઍᶏߩౣ↢ޠࠍ࠹࡯ࡑߦⓍᭂ⊛ߥ⎇ⓥዷ㐿ࠍⴕ߁ޕ

㧡㧚 ᐕᐲߩ⎇ⓥ⾌ขᓧ⁁ᴫ
Ԙᣣᧄቇⴚᝄ⥝⑼ቇ⎇ⓥ⾌⵬ഥ㊄
㧕ṚᎹ 㧔ᷡᾢᄢઍ⴫㧕㧚ᢥㇱ⑼ቇ⋭⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌䋺㊀ⷐ⺖㗴⸃᳿ဳ⎇ⓥ䋬㩷
䇸᦭᣿ᶏ↢‛↢ᕷⅣႺ䈱ਇୄ⍑ဳౣ↢䈫ታ⸽⹜㛎䋨 ᐕᐲ  ජ౞䋩
ԙᅑቇነઃ㊄
㪌 ઙ㩷 㩷 㪊㪃㪍㪊㪐㪃㪈㪍㪏౞㧔ᴪጯၞⅣႺ⑼ቇᢎ⢒⎇ⓥ࠮ࡦ࠲࡯࡮ᢎ᝼㧧ṚᎹ ᷡ㧕

Ԛ౒ห⎇ⓥ
㧕ṚᎹᷡ㧚㧔ࠕࠫࠕࡊ࡜ࡦ࠾ࡦࠣࢃ㧕ᐔᚑ ޯ⛮⛯ਛ䋨ජ౞䋩ᐕޟ᦭᣿
ᶏၞߦ߅ߌࠆ⥄ὼⅣႺߩ⹏ଔߣ଻ోߦ㑐ߔࠆ⎇ⓥޠ
㧕ṚᎹᷡ㧔㐿ᚑᎿᬺᩣᑼળ␠㧕ᐔᚑ ޯ⛮⛯ਛ䋨ජ౞䋩ᐕޟ㒽᳓ᵹ౉
ߦ઻߁᦭᣿ᶏၞߩ‛⾰ᵹേߣߘߩ೙ᓮޠ

ԛᐔᚑ  ᐕᐲ↳⺧⁁ᴫ
㧕ṚᎹ 㧔ᷡᾢᄢઍ⴫䋩㧚ᢥㇱ⑼ቇ⋭⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌䋺㊀ⷐ⺖㗴⸃᳿ဳ⎇ⓥ䋬㩷
䇸᦭᣿ᶏ↢‛↢ᕷⅣႺ䈱ਇୄ⍑ဳౣ↢䈫ታ⸽⹜㛎ޠ䋨 ᐕᐲ  ජ౞䋩
㧕ṚᎹᷡ㧔ઍ⴫䋩ၮ⋚⎇ⓥ䋨#䋩ᐔᚑޯ ᐕᐲ 䋨ජ౞䋩
䇸౎ઍᶏߩୄ⍑ဳౣ↢ߣ Lifeware ⺰ߦၮߠߊ⼾߆ߥᴪጯⅣႺߩഃᚑޠ

㧢㧚* ᐕᐲߩ⎇ⓥ⊒⴫ޔ․⸵⁁ᴫ
䋨䋩ේ⪺⺰ᢥߦࠃࠆ⊒⴫㧔ߎࠇ߹ߢߩઍ⴫⊛⺰ᢥ㧝㧜✬એౝߣ੹ᐕᐲߩ⺰ᢥ㧕
Ԙ࿖ౝ⹹㧔๺ᢥ㧕㧦੹ᐕᐲ
2㧕ጊਅ⛗㉿ሶ࡮ṚᎹ ᷡ࡮᫪ᧄ೶ᄥ㇢࡮Ⴧ↰㦖຦࡮㧦̌ ഃ↢ߐࠇߚᾢᧄ᷼ੱᎿ
ẟḓᐓẟ㨬㊁㠽ߩᳰ㨭ߦ߅ߌࠆㅧᚑᓟߩⅣႺᄌേ․ᕈߦ㑐ߔࠆ⎇ⓥ㵱㧘↢ᘒᎿቇળ
ᐕᰴᄢળ㧘qq/49.52-㧔3117/7/21㧕!਻ᄢ!
3㧕ਃㄼ㓁੺࡮ṚᎹ ᷡ࡮᫪ᧄ೶ᄥ㇢࡮Ⴧ↰㦖຦࡮ᐘ↰᣿ሶ࡮ጊਅ⛗㉿ሶ㧦̌ ੱ
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̌╙ ࿁ⅣႺ⇣ᄌߩᝒ߃ᣇߘߩԘ ේ࿃઒⺑̍ 㧔㧕
㧕ṚᎹ 㧦ᷡ̌ ᾢᧄᄢቇ࡜ࠫࠝ᡼ㅍ౏㐿⻠ᐳ4--㧔ᾢᧄ᡼ㅍ㧕ޟ᦭᣿㨯౎ઍᶏߩౣ↢̍ޠ
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⴫ળ⻠Ṷ᭎ⷐ㓸㧘Τ㧔㧕
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 ᐔᚑ  ᐕ㧘․⸵㗿╙ 㧘ޟᶏၞᐩᵆጀߩⵝ⟎෸߮ߘߩᣇᴺޠ㧘ṚᎹᷡ
ઁ ฬ
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㧥㧚ቇળ࡮⎇ⓥળ╬ߩ㐿௅
1㧕․ቯ㕖༡೑ᴺੱ㧦ߺࠄ޿᦭᣿࡮ਇ⍮Ἣᐔᚑ 18 ᐕᐲࠪࡦࡐࠫ࠙ࡓ㧧̌ޟ࿾ၞߩ
㒐ἴߣⅣႺߦ㑐ࠊࠆߎࠇ߹ߢߩ⎇ⓥᚑᨐ̍ޠ㧔ṚᎹᷡℂ੐㐳ਥ௅㧕㧘ࡔ࡞ࡄ࡞ࠢ
ᾢᧄ 2006.5.15
㧕╙ 7࿁ᐓẟࡈࠚࠬ࠲̌ᐓẟߢㆆ߷߁㧍ࠊߊࠊߊតᬌ㓌 㧘̍㧔ṚᎹᷡᢎ᝼ታⴕᆔ
ຬ㐳㐿௅㧕㧘 ෳട⠪ 950 ੱ㧘2006.5.27㧔࿯㧕㧘ᾢᧄ᷼ ⷫ᳓✛࿾ᐢ႐
3㧕ᾢᧄᄢቇ࡜ࠫࠝ᡼ㅍ౏㐿⻠ᐳ RKK㧔ᾢᧄ᡼ㅍ㧕ޟ᦭᣿㨯౎ઍᶏߩౣ↢ޠ㧘ࠪ࡝
࡯࠭㧝ޟ᦭᣿࡮౎ઍᶏߩⅣႺ․ᕈߣⅣႺᖡൻߩⷐ࿃࡮ߘߒߡౣ↢ߩᣇะᕈޠ㧘
ࠪ࡝࡯࠭㧞ޟౣ↢ߦ߻ߌߡߩขࠅ⚵ߺ࡮ኻ╷࡮ឭ⸒ޠ㧘㧔ṚᎹᷡᢎ᝼ࠝ࡯ࠟ࠽
ࠗ࠭㧕㧘2006.11.7㨪2007.3.27㧘ో 20࿁᡼ㅍ
㧕ᢥㇱ⑼ቇ⋭⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌㊀ⷐ⺖㗴⸃᳿ဳ⎇ⓥޟ᦭᣿ᶏߩౣ↢߳ะߌ
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࿾㧦᧲ᐓẟߥ߉ߐ✢࡮ർᐓẟߥ߉ߐ✢࡮㊁㠽ߩᳰޠ㧔⷗ቇߣ⸥ᔨᬀᩱ㧕₹ฬᮮ
ፉᶏጯ㧦ޟ᛼ߐ߃⋓⍾⹜㛎࿾ޠ㧘⷗ቇ⠪  ฬ㧘⾗ᢱ R㧚
㧕ᢥㇱ⑼ቇᛛⴚᝄ⥝⺞ᢛ⾌ ㊀ⷐ⺖㗴⸃᳿ဳ⎇ⓥޟ᦭᣿ᶏ↢‛↢ᕷⅣႺߩୄ⍑
ဳౣ↢ߣታ⸽⹜㛎ޠ╙  ࿁ࠪࡦࡐࠫ࠙ࡓޟ᦭᣿ᶏߩౣ↢ߦะߌߡ㨪࿖࡮⋵࡮
ᄢቇߩ⹜ߺ㨪ޠᾢᧄᄢቇߩขࠅ⚵ߺ㧦ߘߩ㧞ޟ᦭᣿ᶏ࡮౎ઍᶏߩౣ↢ߦะߌ
ߚታ⸽⹜㛎ޠ㧘ṚᎹᷡᢎ᝼ਥ௅㧘ᾢᧄᄢቇᎿቇㇱ⊖๟ᐕ⸥ᔨ㙚㧔㧕㧘
ෳട⠪ ฬ ⾗ᢱ R
㧕ᾢᧄ࡮૒⾐࡮㐳ፒ㧟ᄢቇวห㧦╙࿁ߺࠄ޿᦭᣿࡮ਇ⍮Ἣࠪࡦࡐࠫࡘ࠙ࡓޟ᦭
᣿౎ઍᶏߩౣ↢ࠍ߼ߑߒߡޠ㧘ṚᎹᷡℂ੐㐳ਥ௅㧘૒⾐ᄢቇℂᎿቇㇱภ㙚㧝(㧘
㧔㧕㧘ෳട⠪ฬ

㧥㧚ߘߩઁ․⸥੐㗄
㧔㧝㧕ቇળ⾨࡮⾗ᩰ╬
㧕ṚᎹᷡ㧔ᴪጯၞⅣႺ⑼ቇᢎ⢒⎇ⓥ࠮ࡦ࠲࡯࡮ᢎ᝼㧕㧦␠࿅ᴺੱ࿯ᧁቇળ ․
೎਄⚖ᛛⴚ⠪⾗ᩰޟ㒐ἴޠขᓧ㧔㧕
㧕ṚᎹᷡ㧔ᴪጯၞⅣႺ⑼ቇᢎ⢒⎇ⓥ࠮ࡦ࠲࡯࡮ᢎ᝼㧕㧦␠࿅ᴺੱ࿯ᧁቇળ ࡈ
ࠚࡠ࡯⾗ᩰขᓧ㧔㧕

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ᐔᚑ 18ᐕᐲ⎇ⓥᚑᨐႎ๔
⎇ⓥ⺖㗴ฬ䋺᳓ၞ䊝䊆䉺䊥䊮䉫䈱䈢䉄䈱ⅣႺ䊂䊷䉺䈱ᢙℂ⸃ᨆ䈫㔚⏛ᵄ䉕↪䈇䈢⸘᷹㩷
ᚲዻ䊶᳁ฬ䋺ᄢቇ㒮⥄ὼ⑼ቇ⎇ⓥ⑼㩷ⶄวᣂ㗔ၞ⑼ቇኾ᡹↢๮ⅣႺ⑼ቇ⻠ᐳ䊶ዊᳰస᣿㩷
1. ⎇ⓥ⋡⊛䊶⋡ᮡ
䋨1䋩 H15ᐕᐲ䌾21ᐕᐲ䈮䈍䈔䉎⋡⊛䊶⋡ᮡ
᳓Ḯ߆ࠄ᦭᣿ᶏ߹ߢߩᵹၞ࿤ߦ߅ߌࠆ᳓ℂ᭴ㅧߩో૕௝ࠍ⸃᣿ߔࠆߣߣ߽ߦ㧘
᳓ၞⅣႺࠍᐢၞ⊛ߦࡕ࠾࠲࡝ࡦࠣߒ㧘࠺࡯࠲ߩᢙℂ⸃ᨆߦࠃߞߡⅣႺߩᤨ㑆
⊛࡮ⓨ㑆⊛ᄌൻࠍ⹦⚦ߦ᣿ࠄ߆ߦߔࠆߎߣߢ㧘᳓ၞⅣႺߦᓇ㗀ࠍ෸߷ߔⷐ࿃ࠍ
․ቯߔࠆޕߎߩ⋡⊛ߩߚ߼ߦ㧘㔚⏛ᵄࠍ↪޿ߚ⸘᷹ᛛⴚߢ޽ࠆ࡝ࡕ࡯࠻࠮ࡦࠪ
ࡦࠣߣ࿾⏛᳇㧙࿾㔚ᵹᴺ㧘߅ࠃ߮ᤨⓨ㑆㗔ၞߢߩ࠺࡯࠲ߩ⋧㑐᭴ㅧࠍ⠨ᘦߢ߈
ࠆ࿾⃿⛔⸘ቇࠍㆡ↪ߔࠆޕᧄ⎇ⓥߪᰴߩ 3 ߟߩౝኈ߆ࠄ᭴ᚑߐࠇࠆޕ
Ԙ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣߦࠃࠆᐢၞ᳓ၞⅣႺߩቯ㊂ൻᴺߩ⏕┙
ԙ᳓ၞⅣႺ࠺࡯࠲ߩᤨⓨ㑆ಽᏓߩࡕ࠺࡝ࡦࠣᴺߩ⏕┙
Ԛ࿾⏛᳇㧙࿾㔚ᵹᴺߦࠃࠆᵻㇱ߆ࠄᷓㇱߦ⥋ࠆ᳓ℂ᭴ㅧߩ⸃ᨆᴺߩ⏕┙
䋨2䋩 H18ᐕᐲ䈱⋡⊛䊶⋡ᮡ
Ԙ ⴡᤊ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣ
࡮ᶏ㕙᷷ᐲએᄖߦᶏ᳓߿ᴡᎹ᳓ߩᷙỘᐲ㧘ᬀ‛ࡊ࡜ࡦࠢ࠻ࡦ㊂ߣ޿߁ઍ⴫⊛ߥ
ⅣႺ࿃ሶߦᵈ⋡ߒ㧘ߘߩᤨⓨ㑆ಽᏓࠍ LANDSAT ↹௝߿ Terra/ASTER ↹௝ߦ
߅ߌࠆⶄᢙߩࡃࡦ࠼࠺࡯࠲ߩᄙᄌ㊂⸃ᨆߦࠃߞߡ᛽಴ߢ߈ࠆᚻᴺࠍ⠨᩺ߔࠆޕ
࡮ᐓẟ⹜ᢱߩ෻኿ࠬࡍࠢ࠻࡞᷹ቯ߆ࠄᓧࠄࠇߚઍ⴫⊛ߥ 3 ߟߩࡄ࠲࡯ࡦߦኻߔ
ࠆ㋶‛⚵ᚑࠍ᣿ࠄ߆ߦߔࠆޕ
ԙ ᤨⓨ㑆ᢙℂࡕ࠺࡞
࡮᳓᷷߿ᩕ㙃ႮỚᐲߦႮಽỚᐲߥߤߩઁߩ᳓⾰ⅣႺ࠺࡯࠲߽ട߃㧘3 ᰴర⊛ߥⅣ
Ⴚ࠺࡯࠲ߩᤨⓨ㑆ࡕ࠺࡞૞ᚑ㧘߅ࠃ߮ⅣႺᄌൻ࿃ሶߩ᛽಴ࠍㅴዷߐߖࠆޕ
Ԛ ࿾⏛᳇㧙࿾㔚ᵹ⸘᷹
࡮MT ᴺߦࠃࠅ㧘ᾢᧄᐔ㊁๟ㄝߩ࿾ਅ᭴ㅧផቯࠍㅴ߼㧘ᶩ㙃ၞ߆ࠄᵹ಴ၞ߹ߢߩ
࿾ਅ᳓♽ߩో૕௝ࠍ᣿ࠄ߆ߦߔࠆޕߐࠄߦ㧘ᶏᐩ㔚᳇តᩏߩ᷹✢ࠍㅊടߒ㧘
᦭᣿ᶏᐩߦḝ᳓ߔࠆ࿾ਅ᳓ߩ⚻〝ࠍᲧᛶ᛫ಽᏓ߆ࠄ⹦⚦ߦផቯߔࠆޕ
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2. H18ᐕᐲ䈱⎇ⓥᚑᨐ
2. 1. 䊥䊝䊷䊃䉶䊮䉲䊮䉫䈮䉋䉎ᐓẟၸⓍ‛䈱࿾⾰ⅣႺᖱႎ䈱᛽಴㩷
ᐔᚑ 17 ᐕᐲߦᒁ߈⛯߈㧘ᐓẟߩ࿾⾰ⅣႺߩ᛽಴ߦ࡝ࡕ࡯࠻࠮ࡦࠪࡦࠣࠍㆡ↪
ߒߚޕᐓẟ߆ࠄណขߒߚᄙᢙߩࠨࡦࡊ࡞ߦኻߒߡ෻኿ࠬࡍࠢ࠻࡞᷹ቯ㧘☸ᐲ᷹
ቯ㧘㋶‛ಽᨆࠍⴕ޿㧘ߎࠇࠄߩ㑐ଥࠍⴡᤊ↹௝⸃ᨆߦᔕ↪ߒ㧘ᐓẟၸⓍ‛ߩಽ
㘃ࠍⴕ߁ߎߣࠍ⋡⊛ߣߒߚޕߘߩߚ߼ߦ㧘⊕Ꮉᴡญߩฝጯ஥࡮Ꮐጯ஥㧘߅ࠃ߮
✛ᎹᴡญᏀጯ஥ߩᓮヨ᧪ᶏጯߩ 3 ࿾඙ߦᵈ⋡ߒ㧔࿑ 1㧕㧘ᶏጯ✢߆ࠄᴒߦะ߆ߞ
ߡ 50㨪200 m 㑆㓒ߢ 5㨪8 ࿾ὐ߆ࠄណขߐࠇߚ⸘ 166 ୘ߩࠨࡦࡊ࡞ࠍ᷹ቯߦ↪޿
ߚޕᧄᐕᐲߪᣂⷙߩಽశ෻኿⸘ߦࠃߞߡ㧘นⷞၞ߆ࠄ⍴ᵄ㐳⿒ᄖၞ߹ߢㅪ⛯⊛
ߦಽశ₸߇᷹ቯߢ߈ࠆࠃ߁ߦߥߞߚޕ
20 km
Okoshiki
Shirakawa Sagan
Shirakawa Ugan
130°E 130°50’E
⊕Ꮉฝጯ
⊕ᎹᏀጯ
ᓮヨ᧪
ڎ
ڎ
ڎ ⊕Ꮉ
✛Ꮉ
32°20’N
33°20’N
࿑ 1㩷 ᦭᣿ᶏ䈮䈍䈔䉎ᐓẟ䉰䊮䊒䊦䈱ណข࿾඙㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 ࿑ 2㩷 ⹜ᢱਛ䈱㊀㋶‛☸ሶ





      
ᓮヨ᧪ޓO#
ᐔဋ☸ᓘ
99.86Ǵm
ⷺ㐹⍹ߩๆ෼Ꮺ





      
ᏀጯޓޓO$
ᐔဋ☸ᓘ
89.64Ǵm
߆ࠎࠄࠎ⍹ߩๆ෼Ꮺ





      
ᏀጯޓޓO%
ᐔဋ☸ᓘ
143.45㱘m
߆ࠎࠄࠎ⍹ߩๆ෼Ꮺ
ᓮヨ᧪ 8/4  500m ⊕ᎹᏀጯ 4/19  100m ⊕ᎹᏀጯ 3/19  1000m
㔕Უ㘃
ⷺ㐹⍹
᥉ㅢノ⍹
ᢳᣇノ⍹
䈎䉖䉌䉖⍹
ᵄ㐳㧔Ǵm㧕
෻
኿
₸
A B
C





      
㒙⯃Ἣญޓ⍾ජ㉿
㒙⯃Ἣญ ⍾ජ㉿
⊕ᎹCߣ㘃ૃ
࿑ 3㩷 ઍ⴫⊛䈭෻኿䉴䊕䉪䊃䊦䊌䉺䊷䊮䈫㊀㋶‛䈱฽᦭₸
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ᄙߊߩࠨࡦࡊ࡞ߦ౒ㅢߒߡ 0.74㧘1.145㧘2.215 µm ઃㄭߦ෻኿₸ߩๆ෼Ꮺ߇ሽ
࿷ߒ㧘ࠬࡍࠢ࠻࡞ࡄ࠲࡯ࡦߦၮߠߊߣ㧘᷹ቯ⚿ᨐߪ 3 ߟߩ࠲ࠗࡊߦᄢ೎ߢ߈ࠆ
ߎߣ߇ࠊ߆ߞߚޕ޿ߕࠇ߽ 1 µm એਅߩนⷞ࡮ㄭ⿒ᄖၞߦᭂᄢ୯㧔MR1 ߣ߅ߊ㧕
ࠍ᦭ߒ㧘1.145 µm ߢᭂዊߣߥࠅ㧘2~2.5 µm ߩ⍴ᵄ㐳⿒ᄖၞߦ 2 ߟ߼ߩᭂᄢ୯
㧔MR2㧕ࠍߣࠆޕA࡮B ࠲ࠗࡊߢߪ MR2 ߩᣇ߇ᄢ߈޿߇㧘B ࠲ࠗࡊߪนⷞၞߢ
ߩ෻኿₸ߩჇട߇․ߦᄢ߈޿ߣ޿߁․ᓽ߇޽ࠆ㧚C ࠲ࠗࡊߢߪ MR1 ߣ MR2 ߦ
ᄢᏅߪߥ޿ޕᓮヨ᧪㧘⊕Ꮉᴡญࠨࡦࡊ࡞ߪߘࠇߙࠇ A ࠲ࠗࡊ㧘C ࠲ࠗࡊߩഀว
߇ᄙߊ㧘ᐓẟၸⓍ‛ߩ㋶‛⚵ᚑ߿‛ᕈߩ⋧㆑߇ផኤߢ߈ࠆޕߘߎߢ㧘64~250 µm
ߩ☸ᓘ▸࿐ߩߺࠍ↪޿ߡ㊀㋶‛ಽᨆࠍⴕߞߚ㧔࿑ 2㧕ޕਥⷐ㋶‛ߩ฽᦭₸ߣ෻኿
ࠬࡍࠢ࠻࡞ߣߩ㑐ଥࠍ࿑ 3 ߦ⴫ߔޕA ࠲ࠗࡊߪ C ߦᲧߴߡⷺ㐹⍹ߣᢳᣇノ⍹ߩ
ഀว߇ᄙ޿ߎߣ߇ࠊ߆ߞߚޕ৻ᣇ㧘C ࠲ࠗࡊߢߪ᥉ㅢノ⍹ߣᮾᰭ⍹ߩഀว߇ᄙ޿ޕ
⊕Ꮉ࡮✛Ꮉߩ᳓Ḯ๟ㄝߩ࿾⾰ࠍ⠨ᘦߒߚ⚿ᨐ㧘⊕Ꮉ♽೉ߪ㒙⯃ጊ߆ࠄߩṁጤ߿
㒙⯃ṁ⚿ಝἯጤ㧔࿑ 3㧕㧘ᓮヨ᧪♽೉ߪᄌᚑጤ߇ᐓẟၸⓍ‛ߩේጤߢ޽ࠆน⢻ᕈ
߇㜞޿ߎߣ߇᣿ࠄ߆ߦߥߞߚޕ
ᰴߦ㧘ⴡᤊ↹௝⸃ᨆߣߒߡⓨ㑆ಽ⸃⢻߇㜞޿ ASTER ࠺࡯࠲ߦᵈ⋡ߒ㧘ầ૏߇
ૐ޿ 2001 ᐕ 3 ᦬ 19 ᣣߣ 2006 ᐕ 8 ᦬ 8 ᣣߩ 2 ࠪ࡯ࡦࠍㆬࠎߛޕ೨ಣℂߣߒߡ㧘
DOS ᴺߦࠃߞߡᄢ᳇ലᨐࠍシᷫߒ㧘↹௝࠺࡯࠲ࠍ෻኿₸ߦᄌ឵ߒߚޕߎࠇ߆ࠄ
ᢎᏧઃ߈ᦨዕᴺࠍ↪޿ߡ↹௝ࠍಽ㘃ߒߚ߇㧘࿾ၞ⊛ߥ․ᓽߪᓧࠄࠇߥ߆ߞߚޕ
ߘߎߢ㧘ᶏၞߢߩᐔဋࠬࡍࠢ࠻࡞ࠍฦ࿾ၞߩᐔဋࠬࡍࠢ࠻࡞߆ࠄᏅߒᒁ޿ߚߣ
ߎࠈ㧘ಽశ෻኿₸᷹ቯ⚿ᨐߣ⺞๺ߒߚࠬࡍࠢ࠻࡞߇ᓧࠄࠇ㧘⊕Ꮉฝጯ㧘Ꮐጯ㧘
✛Ꮉᴡญ㧘ᓮヨ᧪
ߦߘࠇߙࠇ⇣ߥߞ
ߚࠣ࡞࡯ࡊ߇⃻ࠇ
ߚ㧔࿑ 4㧕ޕࠃߞߡ㧘
ᧄ⸃ᨆᴺߪ㧘ၸⓍ
‛ߩ࿾⾰ᕈ⁁ߩ⋧
㆑ߦၮߠ޿ߡ㗔ၞ
ࠍ඙ಽߔࠆߩߦ᦭
ലߢ޽ࠆߎߣ߇⏕
߆߼ࠄࠇߚޕ
ᓮヨ᧪
ฝጯ
Ꮐጯ
ᓮヨ᧪
ฝጯ
Ꮐጯ
(b)
ᐔဋ
ノᐲ୯
?
?
ᐔဋ
ノᐲ୯
?
?
(a)2001/3/19 (b)2006/8/8
╙ 4࿑㩷 䋨a䋩 2001ᐕ 3᦬ 19ᣣ䈫䋨b䋩2006ᐕ 8᦬ 8ᣣ䈱ASTER
䊂䊷䉺䈮ኻ䈜䉎ಽ㘃⚿ᨐ
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2. 2. ᢙℂ䊝䊂䊦
I. 䉴䉬䊷䊦ೣ䉕⠨ᘦ䈚䈢ⓨ㑆ಽᏓ䊝䊂䊥䊮䉫
ⅣႺߦ㑐ㅪߔࠆ࿃ሶߩⓨ㑆ಽᏓߣ⚻ᐕᄌൻߦ㑐ߔࠆ․ᓽߩ᛽಴ߩߚ߼ߦ㧘ᐔ
ᚑ 16࡮17 ᐕᐲߢᄙᄌ㊂㧙ᤨⓨ㑆࿾⃿⛔⸘ቇࠍቯᑼൻߒ㧘᦭᣿ᶏߩ 43 ᵻᶏቯ✢
⺞ᩏ࿾ὐߢߩ࠺࡯࠲ߦㆡ↪ߢ߈ߚޕᧄᐕᐲߪ㧘ᭂ㒢ࠄࠇߚ▸࿐ߩ᷹ቯ࠺࡯࠲߆
ࠄ㧘᭽ޘߥᄢ߈ߐߩ㗔ၞߦ߅ߌࠆ࿾⾰᧚ᢱߩㅘ᳓ᕈߦ㑐ߔࠆ᭴ㅧࠍផቯߔࠆߎ
ߣࠍ⋡⊛ߣߒߚޕߘߩߚ߼ߩ㊀ⷐߥࠬࠤ࡯࡞ೣࠍ⷗಴ߒ㧘ផቯߦㆡߒߚᚻᴺࠍ
․ቯߒߚޕߎࠇࠄࠍᄙሹ⾰᧚ᢱߩⓨ㓗ಽᏓ⸃ᨆߦᔕ↪ߒ㧘ⓨ㓗ಽᏓ߆ࠄㅘ᳓ᕈ
ࠍ․ᓽઃߌߚޕ
߹ߕ㧘࠺࡯࠲㑆㓒߇⇹߆ࠄኒߥ⁁ᘒߩⓨ㑆ಽᏓࠍផቯߔࠆߣ޿߁ⓨ㑆ಽ⸃⢻
ะ਄ߩࠕ࠶ࡊࠬࠤ࡯࡝ࡦࠣߩ໧㗴ࠍ⸳ቯߒ㧘࿾⃿⛔⸘ቇߢߩⓨ㑆ಽᏓផቯᴺߣ
ࠪࡒࡘ࡟࡯࡚ࠪࡦᴺ㧘߅ࠃ߮࠾ࡘ࡯࡜࡞ࡀ࠶࠻ࡢ࡯ࠢߦၮߠߊ 2 ⒳㘃ߩᚻᴺࠍ
Ყセߒߚޕߘߩ⚿ᨐ㧘޿ߕࠇ߽ࠨࡦࡊ࡞࠺࡯࠲ߩߺࠍ↪޿ࠆ㒢ࠅߪផቯ♖ᐲߪ
ਇචಽߢ޽ࠅ㧘࠺࡯࠲୯߿ⓨ㑆⊛⋧㑐᭴ㅧߦ㑐ߒߡࠨࡦࡊ࡞࠺࡯࠲ߩ▸࿐ࠍ⿥
߃ࠆᖱႎࠍਈ߃ࠆߎߣ߇ਇนᰳߢ޽ࠆޕߎࠇࠄࠍࡅࠬ࠻ࠣ࡜ࡓߣ࠮ࡒࡃ࡝ࠝࠣ
࡜ࡓߩࠬࠤ࡯࡞ೣ߆ࠄਈ߃㧘࠮ࡒࡃ࡝ࠝࠣ࡜ࡓߩㆡวᕈࠍၮḰߣߒߚ὾߈㊰ߒ
ᴺࠍ↪޿ࠆߎߣߩ᦭ലᕈ߇⏕߆߼ࠄࠇߚޕ
ᰴߦ㧘ⓨ㓗ࠍ⃿ߢㄭૃߢ߈ࠆᄙሹ⾰᧚
ᢱࠍኻ⽎ߣߒߚ႐ว㧘㗔ၞߩᄢ߈ߐߣⓨ
㓗ߩᦨᄢඨᓘߣߩ㑐ଥ㧘ᦨᄢඨᓘߣ࠮ࡒ
ࡃ࡝ࠝࠣ࡜ࡓߣߩ㑐ଥ㧘߅ࠃ߮ⓨ㓗ߩⓍ
▚⏕₸ಽᏓࠍቯ㊂ൻߒ㧘ߎࠇߣ὾߈㊰ߒ
ᴺࠍ⚵ߺวࠊߖࠇ߫⹜ᢱࠨࠗ࠭ࠍᄢ߈ߊ
⿥߃ࠆ㗔ၞߦ߅޿ߡ߽ⓨ㓗ಽᏓ߇ᅷᒰߦ
ࠪࡒࡘ࡟࡯࡚ࠪࡦߢ߈ࠆߎߣ߇᣿ࠄ߆ߦ
ߥߞߚޕ6 ߟߩ㗔ၞߩᄢ߈ߐߦኻߔࠆࠪ
ࡒࡘ࡟࡯࡚ࠪࡦ⚿ᨐߦၮߠ߈㧘ⓨ㓗ߩㅪ
⚿〒㔌ߩ㗫ᐲߣᦨᄢㅪ⚿〒㔌߇㧘ᄙሹ⾰
᧚ᢱߩㅘ᳓ଥᢙߩኸᴺലᨐߦኻߔࠆਥߥ
ᡰ㈩ⷐ࿃ߢ޽ࠆߎߣ㧘߅ࠃ߮ⓨ㓗₸ߦ઻
߁ㅘ᳓ଥᢙߩᕆỗߥჇടߪ㧘ㅪ⚿ߒߚⓨ
㓗ߩ૕ⓍߩჇᄢߦ⿠࿃ߔࠆߎߣ߇⠨ኤߢ
߈ߚޕ
(a)
(b)
(c) 
1 mm
࿑ 5㩷 䊔䊧䉝⍾ጤ䉰䊮䊒䊦䈱䋨a䋩㗼ᓸ㏜↹௝䋬
䋨b䋩2୯ൻ↹௝䋬䋨c䋩㋶‛☸ሶ䈻䈱ಽഀ
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એ਄ߩᬌ⸛ߦၮߠ߈㧘ઍ⴫⊛ߥᄙሹ⾰ጤ⍹ߢ޽ࠆࡌ࡟ࠕ⍾ጤߦኻߒߡ㧘㋶‛
☸ሶߩᒻ⁁ࠍ⃿ߦ⟎߈឵߃ߡⓨ㓗ಽᏓࠪࡒࡘ࡟࡯࡚ࠪࡦᴺࠍㆡ↪ߒߚޕ࿑ 5 ߦ
␜ߔ 11.5 mm2 ߣ޿߁㒢ࠄࠇߚ▸࿐ߩጤ⍹⹜ᢱ↹௝࠺࡯࠲ࠍ↪޿ߚߣߎࠈ㧘ㅘ᳓
⹜㛎ߢ↪޿ࠄࠇࠆ⹜ᢱߩᄢ߈ߐ⒟ᐲ߹ߢߩ㗔ၞߦ߅ߌࠆⓨ㓗ಽᏓ߇ࠪࡒࡘ࡟࡯
࡚ࠪࡦߢ߈ࠆࠃ߁ߦߥߞߚޕߘߩ⚿ᨐߪ࿑ 6 ߩࠃ߁ߢ޽ࠆޕⓨ㓗₸ߪ 20 %ߣ࿕
ቯߒߡ޿ࠆޕ㗔ၞߩ৻ㇱߩ᜛ᄢ࿑߆ࠄࠊ߆ࠆࠃ߁ߦ㧘㗔ၞߩჇᄢߦߟࠇߡⓨ㓗
ߩㅪ⚿߇᣿⍎ߦߥࠅ㧘᳓ߺߜߣߥࠅᓧࠆ࠴ࡖࡀ࡞ߩᢙߣ㐳ߐ߇ᕆჇߒ㧘ㅪ⚿ⓨ
㓗ߩᐔဋ૕Ⓧߣಽᢔ߽Ⴧടߔࠆ௑ะ߇᣿ࠄ߆ߦߥߞߚޕߎࠇߪኸᴺലᨐߦࠃࠆ
ㅘ᳓ଥᢙߩჇട₸߿ㅘ᳓ଥᢙߩਇဋ⾰ᕈࠍ⷗Ⓧ߽ࠆߩߦᓎ┙ߟޕ
II. ጤ⍹੉ⵚಽᏓ䈱࿾⃿⛔⸘ቇ⊛䉲䊚䊠䊧䊷䉲䊢䊮
ᧂ࿕⚿ߩ࿾⋚ਛߩ࿾ਅ᳓ᵹࠇߪ㧘࠳࡞ࠪ࡯ೣߦၮߠߊᄙሹ⾰ᇦ૕ᵹࠇߢ৻⥸
ߦㄭૃߢ߈ࠆޕ৻ᣇ㧘⎬⾰ߩጤ⍹ਛߢߪ੉ⵚಽᏓ߇࿾ਅ᳓ᵹࠇᒻᘒࠍᡰ㈩ߔࠆ
ߩߢ㧘੉ⵚಽᏓࠍᱜ⏕ߦផቯߢ߈ࠆᚻᴺߪਇนᰳߢ޽ࠆޕߎࠇ߹ߢᄙߊߩ੉ⵚ
ಽᏓࠪࡒࡘ࡟࡯࡚ࠪࡦᴺ߇ឭ᩺ߐࠇߡ߈ߚ߇㧘੉ⵚߩ⿛ะ࡮௑ᢳߣ޿߁ᣇ૏ⷐ
⚛ߪ⛔⸘ಽᏓߦᓥߞߡ࡜ࡦ࠳ࡓߦਈ߃ࠄࠇߡ߅ࠅ㧘ᣇ૏࠺࡯࠲߇ࠪࡒࡘ࡟࡯ࠪ
࡚ࡦߢߪ⠨ᘦߐࠇߡ޿ߥ޿ޕߎࠇߦ࿾⃿⛔⸘ቇߩᔕ↪ࠍ⹜ߺߚޕ⍹ᴤ࿾ਅ஻⫾
࿑ 6㩷 䊔䊧䉝⍾ጤ䈱ⓨ㓗ಽᏓ䈱䉲䊚䊠䊧䊷䉲䊢䊮⚿ᨐ䋨ⓨ
㓗䈲⊕䈪⴫䈚䋬ⓨ㓗₸䈲 20 %䈮࿕ቯ䈚䈢䇯㗔ၞ৻ㇱ䈱
᜛ᄢ䈪ⓨ㓗䈱❬䈏䉍⒟ᐲ䉕Ყセ䈜䉎䋩
1 cm
5 cm
2.5 cm
2 cm
1.5 cm
0.5 cm
0.5 cm Porosity consition: 20 %
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ၮ࿾ߢߩ⾂⇐ᮏߣဒ㆏ߩ
ዷ㐿࿑ߦ⸥タߐࠇߚ੉ⵚ
ߩࠬࠤ࠶࠴ࠍ⺒ߺขߞߡ
੉ⵚ࠺࡯࠲ߣߒߚ߇㧘⿛
ะ࡮௑ᢳࠍ್⺒ߢ߈ߚ੉
ⵚߩߺࠍ⸃ᨆߦ↪޿ߚ
㧔࿑ 7㧕ޕ✚ᢙߪ 1,843 ᧄ
ߢ޽ࠆޕၮᧄ⊛ߦ⾂⇐ᮏ
ߪᄤ⋚㧘ဒ㆏ߪᐩ⋚ߩࠬ
ࠤ࠶࠴੉ⵚࠍኻ⽎ߣߒ㧘
஥ოߩࠬࠤ࠶࠴߽৻ㇱട
߃ߚޕ3 ᰴర੉ⵚಽᏓࠪࡒ
ࡘ࡟࡯࡚ࠪࡦߩኻ⽎ߪဒ
㆏ࠍ฽߻▸࿐ߦ㒢ቯߒ㧘
᳓ᐔᣇะߦ᧲⷏ 700 m㧘ධ
ർ 600 m㧘߅ࠃ߮ᷓᐲᣇะ
ߦ 100 m㧔࿾⴫㕙߆ࠄᷓߐ
100 m ߹ߢ㧕ߣߒߚޕ
߹ߕ㧘ᱜⷙಽᏓߦᄌ឵
ߐࠇߚ੉ⵚኒᐲߩ࠮ࡒࡃ
࡝ࠝࠣ࡜ࡓࠍ᳞߼㧘⚂ 1
km྾ᣇߩ⸃ᨆ㗔ၞߢߩኒ
ᐲ ಽ Ꮣ ࠍ sequential 
Gaussian simulation ߦࠃࠅ
ផቯߔࠆޕኒᐲಽᏓߦၮ
ߠ߈㧘੉ⵚߩਛᔃὐࠍ࡜
ࡦ࠳ࡓߦਈ߃ࠆޕᰴߦ㧘
੉ⵚߩ⿛ะࠍ EW㧘NW㧘
NS㧘NE ߩ 4 ᣇะߦᄢ೎ߒ㧘
ฦ▸࿐ߦ 0㧘1 ߩࠗࡦ࠺ࠖࠤ࡯࠲ࠍਈ߃ߚޕߎࠇࠍ੉ⵚ࠺࡯࠲ߩ૏⟎ߦ߅ߊޕߎ
ߩࠃ߁ߥ࠺࡯࠲ߦਥᚑಽಽᨆࠍㆡ↪ߒ㧘╙ 1㨪╙ 3 ਥᚑಽߩ୯ߩߺߩ࠮ࡒࡃ࡝ࠝ
ࠣ࡜ࡓࠍ᳞߼ߚޕฦਛᔃὐߦኻߒ㧘ਥᚑಽ୯ࠍ ordinary kriging ࠃࠅ⵬㑆ߔࠆޕ
ߎࠇࠍਥᚑಽᄌ឵೨ߩᐳᮡ♽ߦᚯߒ㧘ᦨ߽୯߇㜞޿ᣇ૏ߩ▸࿐ࠍㆬ߱ޕߐࠄߦ㧘
OrigData
࿑ 7㩷 ታ᷹䊂䊷䉺䈱੉ⵚ૏⟎䊶ᣇ૏ಽᏓ䈫䉲䊚䊠䊧䊷䉲䊢䊮⚿ᨐ䈫䈱Ყセ
࿑ 8㩷 20୘એ਄ㅪ⚿䈚䈢੉ⵚ䈱ಽᏓ
ታ᷹䈱੉ⵚ䊂䊷䉺㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 䉲䊚䊠䊧䊷䉲䊢䊮੉ⵚ
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ߔ⋡ᵈ㧘ࠅࠃߦᴺࡠ࡞ࠞ࠹ࡦࡕߣᏓಽ₸⏕▚Ⓧߩⷺะ⿛ⵚ੉ࠆߌ߅ߦ࿐▸ߩߎ
࡮ะ⿛ߩ㕙ⵚ੉ߩߟ 2 ߚࠇߐ࠻࡯࡟ࡘࡒࠪޕࠆ߃ਈࠍะ⿛ߩⵚ੉ߩߢὐᔃਛࠆ
ㅪ߫ࠇ޽ߦౝ࿐▸ኈ⸵߇㔌〒ߩߣὐ⚳ߩᣇઁߣὐᆎߩᣇ৻߮ࠃ߅㧘㆑⋧ߩᢳ௑
ޕߔ㄰ࠅ➅ࠍ⚿ㅪ㧘޿ⴕߡߒኻߦⵚ੉ోࠍ૞ᠲߩߎޕࠆߖߐ⚿
ߩะ⿛ߪᏓಽ૏ᣇޕߔ␜ߦ 7 ࿑ࠍᏓಽ૏ᣇߣᨐ⚿ࡦ࡚ࠪ࡯࡟ࡘࡒࠪᏓಽⵚ੉
⴫ߢ㧕ᓇᛩ⃿ඨਅ࠻࠶ࡀ࠻࠶ࡒࡘࠪ㧔Ꮣಽᐲኒߩᭂߩ㕙ⵚ੉߮ࠃ߅㧘Ꮣಽᐲ㗫
㧘ߢߩࠆ޽ߢ㔍࿎߇೎⼂㧘ࠅ߅ߡߞวࠅߥ㊀߇㕙ⵚ੉ߩߊᄙ㧘ߚ߹ޕࠆ޿ߡߒ
߃⷗ߦ✢⋥㧘ߢߩࠆ޽ߢ࿑ᓇᛩߩࠄ߆਄⌀ޕߚ߃ਈࠍ⦡ߦࡓ࠳ࡦ࡜ߦ㕙ⵚ੉ฦ
ߔセᲧߣᏓಽ૏ᣇ࡮⟎૏ⵚ੉ߩ࠲࡯࠺᷹ታߢ࿑หޕ޿ㄭߦ°09 ߪᢳ௑ߤ߶ⵚ੉ࠆ
ᲧߩᏓಽ૏ᣇޕࠆ޿ߡߒ⴫ࠍ㕙ⵚ੉ߩ਄એߟ 4 ߪᏓಽⵚ੉㧘ⵚ੉ోߪ૏ᣇޕࠆ
ޕࠆ߆ࠊ߇ߣߎࠆ޿ߡߒᔕኻߊ⦟ߣ࠲࡯࠺᷹ታߪᨐ⚿ࡦ࡚ࠪ࡯࡟ࡘࡒࠪ㧘ࠅࠃセ
㧕޿ᄙ߽ࠅࠃᢳ௑஥ධ߇ᣇߩᢳ௑஥ർ㧔ะ௑ߩᐲ㗫ߣ૏ᣇ⿧ථߩߢะ⿛᧲ർߦ․
ർߦਥ㧘ߦ߁ࠃࠆ߆ࠊࠄ߆⟎㈩ߩ㆏ဒ࡮ᮏ⇐⾂㧘ߚ߹ޕࠆ޿ߡ߈ߢ⃻ౣ߷߶߇
ะᣇ᧲ർ㧘ߪ⟎૏ߩⵚ੉ߚߒ⛯ㅪߩะ⿛⷏ർ޿ߊߦࠇ⃻ߡߞࠃߦะᣇ᷹ⷰߩ⷏
࡟ࡘࡒࠪߚߒ↪ᔕࠍቇ⸘⛔⃿࿾ߦߎߎޕ޿ߥ޿ߡߒㅪ㑐ߪߊᒝߣ⟎૏ߩ㆏ဒߩ
ޕࠆࠇࠄ߼߆⏕߇ᕈᒰᅷߩᴺࡦ࡚ࠪ࡯
߇ߩߚߒ⴫ࠍⵚ੉⚿ㅪߩ਄એ୘ 02㧘ߦ߼ߚࠆߔቯ㒢ߦⵚ੉޿⦟ߩᕈ⛯ㅪߦᰴ
ᕈ⛯ㅪ㧘ߣࠆߔセᲧߣᏓಽߩᏪ⎈⎕ߚࠇߐቯផߡߞࠃߦᩏ⺞⾰࿾ޕࠆ޽ߢ 8 ࿑
ะ⿛᧲ർࠆߔ⿧ථ߽ᦨޕߚߞ߆ࠊ߇ߣߎࠆߔᔕኻߦᏓಽߩᏪ⎈⎕ߪⵚ੉޿⦟ߩ
ߣㇱධၞ㗔߽ⵚ੉޿⦟ߩᕈ⛯ㅪߡߊ✭߇ⷺᢳ௑㧘ߊߥߢߌߛᕆߪᢳ௑ߩⵚ੉ߩ
ޕࠆ߈ߢីᛠࠄ߆࿑ߩߎ㧘߽ᐲ⒟ߩᕈ⛯ㅪߩ㕙ⵚ੉ߩะᣇᐲ ᷓޕࠆࠇࠄ⷗ߢㇱർ
ᣇߩゲਥ㧘ࠈߎߣߚ߼᳞ࠍ࡞࠰ࡦ࠹᳓ㅘࠄ߆ⵚ੉ࡦ࡚ࠪ࡯࡟ࡘࡒࠪ㧘ߦࠄߐ 
޽ߦ࠳࡯ࠝߩ s/mc 5-01 ߪᢙଥ᳓ㅘቯផ㧘ߚ߹ޕߚߒ๺⺞ߣ૏ᣇ⿧ථߩⵚ੉ߪ૏
ޕߚߞߥߦ߆ࠄ᣿߇ߣߎࠆ޽ߢߓห߇࠳࡯ࠝߣ୯᷹ታ㧘ࠅ
ᩏតℂ‛ .3 .2
䉫䊮䊥䊂䊝᛫ᛶᲧㇱᷓ䈱ጀᢿਭᄹᣣ䉎䉋䈮ᴺᵹ㔚࿾㵪᳇⏛࿾ .I
ะߦ㊁ᐔઍ౎࡮㊁ᐔᧄᾢ㧘ߪ᳓ਅ࿾ߚࠇߐ㙃ᶩߢ࿾ጊᎺ਻߿㣽⷏ጊベᄖ⯃㒙
߷෸ࠍ㗀ᓇߦᘒᒻേᵹߩ᳓ਅ࿾ㇱᷓ߇ጀᢿਭᄹᣣ߿ጀᢿᎹ↰Ꮣ㧘߇ࠆࠇᵹߡߌ
ߦ߆ࠄ᣿ࠍㅧ᭴⾰࿾ㇱᷓߩጀᢿߩࠄࠇߎ㧘ߡߞࠃޕࠆࠇࠄ߃⠨߽ߣߎࠆ޿ߡߒ
ᐔ㧘ࠄ߆ὐⷰߩߎޕࠆ޽ߢⷐ㊀ߡ޿߅ߦ᣿⸃ߩ௝૕ోߩ♽᳓ਅ࿾㧘ߪߣߎࠆߔ
㊁ᐔઍ౎߮ࠃ߅㧘ߢ߹ㇱጯᴪᶏ᣿᦭ࠄ߆㣽⷏ጊベᄖ⯃㒙ߡߌ߆ߦᐲᐕ 71㨪41 ᚑ
ߢ߹ mk 01 ᐲᷓߩ㊁ᐔᧄᾢߣጀᢿᎹ↰Ꮣ㧘ߒᣉታࠍᩏត TM ߡߒߣ࿐▸⽎ኻࠍ
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ߩᲧᛶ᛫ಽᏓࠍ᣿ࠄ߆ߦߒߚޕߘߩ⚿ᨐ㧘1 km ૏ᵻߦ 2 ♽⛔ߩ࿾ਅ᳓ᵹࠇ߇ផ
ቯߢ߈㧘ߎࠇߪ࿾⴫㕙ㄭߊߢߩ࿾ਅ᳓♽ߣหߓ௑ะߢ޽ࠆߎߣ߇᣿ࠄ߆ߦߥߞ
ߚޕ߹ߚ㧘ᮡ㜞-2000㨪-4000 m ߦᷓጀ࿾ਅ᳓♽߇ሽ࿷ߒ㧘Ꮣ↰Ꮉᢿጀߩᑧ㐳ㇱ
ߢᄢ߈ߊᄌൻߔࠆ․ᓽ߇⷗಴ߐࠇߚޕߔߥࠊߜ㧘ᷓጀ࿾ਅ᳓♽ߦ෸߷ߔᢿጀߩ
ᓇ㗀߇᣿ࠄ߆ߦߢ߈ߚޕᧄᐕᐲߪ㧘ᣣᄹਭᢿጀߦኻߔࠆ᷹ቯ࠺࡯࠲ࠍౣ⸃ᨆߒ㧘
Ყᛶ᛫᭴ㅧ߆ࠄᢿጀ๟ㄝߩ࿾⾰ಽᏓ㧘ᢿጀ⎕⎈Ꮺߩ૏⟎߿ᒻ⁁㧘᳓ᐔ࡮ᷓᐲᣇ
ะߩㅪ⛯ᕈࠍផቯߒߚޕ
MT តᩏߢߪ㧘ᣣᄹਭᢿጀߦ⋥੤ߔࠆ 3 ᧄߩ᷹✢ࠍർ஥߆ࠄ⚂ 18 km, 12 km 㑆
㓒ߢ⸳ߌ㧘㗅ߦ hng-1㧘-2㧘-3 ߣ⒓ߔࠆޕMT ᴺߩ᷹ቯߪߎࠇ߹ߢߣห᭽ߢ޽ࠅ㧘
Phoenix ␠⵾ߩ MTU-5 ߣ MTU-2E ࠍ૶↪ߒߚޕMTU-5 ߪ੕޿ߦ⋥੤ߔࠆ᳓ᐔ㔚
႐ 2 ᚑಽߣ᳓ᐔ⏛႐ 2 ᚑಽ㧘߅ࠃ߮ု⋥⏛႐ 1 ᚑಽߩ⸘ 5 ᚑಽࠍ᷹ቯߒ㧘MTU-2E
ߪ᳓ᐔ㔚႐ 2 ᚑಽߩߺࠍ᷹ቯߔࠆᯏེߢ޽ࠆޕ᷹ቯߪᲧセ⊛ࡁࠗ࠭߇ዋߥ޿ᄛ
㑆ߦⴕ޿㧘GPS ߢⵝ⟎ࠍหᦼߐߖߥ߇ࠄ㧘hng-1 ߢ 15 ᤨ㑆㧔18 ᤨ㨪⠉ᦺ 9 ᤨ㧕㧘
hng-2 ߣ hng-3 ߢ 16 ᤨ㑆㧔17 ᤨ㨪⠉ᦺ 9 ᤨ㧕߆ߌߡ㧘ฦᚑಽߩᤨ♽೉࠺࡯࠲ࠍ
ขᓧߒߚޕ1 ߟߩ᷹ὐߦ߅ߌࠆ࠺࡯࠲ขᓧߪ 3 ᣣ㑆ࠍၮᧄߣߒ㧘S/N Ყߩ㜞޿࠺
࡯࠲߇ᓧࠄࠇࠆ߹ߢᦨ㐳 9 ᣣ㑆⛮⛯ߒߚޕ
᷹ቯ࠺࡯࠲ߩࠗࡦࡃ࡯࡚ࠫࡦ⸃ᨆߦࠃߞߡᓧࠄࠇߚ 2 ᰴరᲧᛶ᛫ಽᏓߪ࿑ 9
ߩࠃ߁ߢ޽ࠆޕᷓᐲߣߣ߽ߦᲧᛶ᛫୯ߪᜰᢙ㑐ᢙ⊛ߦჇടߔࠆ௑ะߦ޽ࠆߩߢ㧘
ಽᏓߩ․ᓽ߇᣿⍎ߦߥࠆࠃ߁ߦᏱ↪ኻᢙߢ⴫ߒߡ޿ࠆޕhng-1㧘2 ߩᲧᛶ᛫ಽᏓ
߆ࠄ㧘ᣣᄹਭᢿጀߪർㇱߣਛㇱߢ߶߷ု⋥ᣇะߩᲧᛶ᛫Ⴚ⇇߇⃻ࠇ㧘࠳ࡔ࡯ࠫ
࠱࡯ࡦࠍ␜ໂߔࠆૐᲧᛶ᛫Ꮺࠍ઻ߞߡ޿ߥ޿ߎߣ߇ࠊ߆ࠆޕ৻ᣇ㧘⥓᧶̆౎ઍ
᭴ㅧ✢߇੤Ꮕߔࠆ hng-3 ߩධㇱߢߪૐᲧᛶ᛫Ꮺ߇ሽ࿷ߒ㧘ߎࠇࠄ 2 ߟߩᢿጀߩ㊀
ߥࠅߢ㗼⪺ߥ࠳ࡔ࡯ࠫ࠱࡯ࡦ߇ᒻᚑߐࠇߚߣ⠨߃ࠄࠇࠆޕ
࿑ߢߪ㧘ߎߩᲧᛶ᛫ಽᏓߣ਻Ꮊᄢቇ࿾㔡Ἣጊ⎇ⓥ࠮ࡦ࠲࡯ߦࠃࠆ 1995 ᦬ 6 ᦬
㨪2005 ᐕ 1 ᦬߹ߢߩ㔡ḮಽᏓߣࠍ㊀ߨวࠊߖߡ޿ࠆޕhng-1 ߆ࠄߪ㧘ᣣᄹਭᢿጀ
ߦኻᔕߔࠆߎߣ߇ផቯߢ߈ߚᲧᛶ᛫Ⴚ⇇ߦᴪߞߡ㧘ᮡ㜞-6000 m એᷓߦ㔡Ḯ߇㓸
ਛߒߡ޿ࠆߎߣ߇᣿ࠄ߆ߢ޽ࠆޕട߃ߡ㧘㔡Ḯߪ 1 ߟߩ㕙ߦᴪ߁ࠃ߁ߦಽᏓߒ㧘
ߘߩᣇะߪᢿጀߩ⿛ะߣ⺞๺⊛ߢ޽ࠆޕߒߚ߇ߞߡ㧘ᢿጀᵴേ߇ߎࠇࠄߩ࿾㔡
ࠍ↢ߓߐߖߚߣ⠨߃ࠄࠇࠆޕhng-2 ߢߪ㔡Ḯᢙ߇ዋߥߊ㧘ಽᏓߦᢿጀߣߩ㑐ㅪᕈ
߇⷗߃ߥ޿㧚ߐࠄߦ㧘㔡Ḯߣ hng-3 ߩᲧᛶ᛫ಽᏓ߆ࠄߪ㧘ᄢㇱಽߩ㔡Ḯ߇ૐᲧᛶ
᛫ߩ࠳ࡔ࡯ࠫ࠱࡯ࡦ਄ߢߪߥߊ㧘㜞Ყᛶ᛫Ꮺߢ޽ࠆᢿጀ⷏஥ߩ⧎ፘጤ㘃ߩផቯ
ಽᏓၞߦሽ࿷ߔࠆߎߣ߇ࠊ߆ࠆޕߎߎߢ߽㔡ḮಽᏓߣᢿጀߣߩ㑐ㅪᕈߪ⷗಴ߖ
ߥ޿ޕ
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․ߦૐ޿Ყᛶ᛫߇᏷ᐢߊಽᏓߔࠆᏓ↰ᎹᢿጀߣᲧߴࠆߣ㧘ᣣᄹਭᢿጀߩᓸዊ
࿾㔡ᢙߪᄙߊ㧘Ყᛶ᛫ߪో૕⊛ߦ㜞޿ޕߎࠇ߆ࠄᣣᄹਭᢿጀߣߘߩ๟ㄝߩ࿾⾰
‛ᕈߪ⣀ᕈ⊛ߢ޽ࠅ㧘ᱡࠛࡀ࡞ࠡ࡯ࠍ⫾Ⓧߒ߿ߔ޿ߩߢ㧘⣀ᕈ⎕უ߇࿾㔡ߣߒ
ߡ᷹ⷰߐࠇߡ޿ࠆߣ⠨߃ࠄࠇࠆޕᏓ↰Ꮉ㧙ᣣᄹਭᢿጀᏪߪ࿾ᒻ⊛ߦߪㅪ⛯ߒߚ
ห৻ᢿጀ♽ߩࠃ߁ߦ⷗߃ࠆ߇ߦ߽߆߆ࠊࠄߕ㧘⎕⎈᭴ㅧ㧘ജቇ⊛‛ᕈ㧘ᔕജⅣ
Ⴚߪᄢ߈ߊ⇣ߥࠆߎߣ߇᣿ࠄ߆ߦߥߞߚޕ
ߐࠄߦ㧘Ყᛶ᛫ಽᏓߦၮߠߊߣᷓᐲ 10 km ߹ߢߩᣣᄹਭᢿጀ๟ㄝߩ࿾⾰ߪ㧘
ᢿጀ⷏஥ߩ࿾⴫ਅᵻㇱߦ߅޿ߡർㇱߪᓮ⦁ጀ⟲࡮ਛㇱ㨪ධㇱߪ⢈ᓟᄌᚑጤ߇ಽ
Ꮣߒ㧘ߘߩਅ૏ߦߪධㇱߦ߆ߌߡ⧎ፘጤ㘃߇ᐢߊẜ࿷ߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ
৻ᣇ㧘ᢿጀ᧲஥ߢߪർㇱߩᵻㇱࠍ᭴ᚑߔࠆߩߪᓮ⦁ጀ⟲ߢ޽ࠅ㧘ߘߩਅ૏ߦ᳓
⿧ጀ࡮㑆ߩ⼱ᄌᚑጤ㧘ၮ⋚ߦ⒎ῳ⚥Ꮺ߇ಽᏓߒ㧘ਛㇱ㨪ධㇱߪ⴫ጀ࿾⾰ߣߩ㑐
ㅪ߆ࠄ⧎ፘጤ㘃߿⒎ῳ⚥Ꮺ߇ᵻㇱߦಽᏓߔࠆߣផቯߒߡ߽ᅷᒰߢ޽ࠆޕ
1 2 3 4
magnitude
W E
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hng-3
Resistivity
log10 Ω·m
0.6
0.8
1.0
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1.7
1.8
1.9
2.0
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2.4
2.5
2.6
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10
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km
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࿑ 9㩷 ᣣᄹਭᢿጀ䈱ฦ᷹✢䈪䈱MTᲧᛶ᛫䊝䊂䊦䈫㔡ḮಽᏓ䈫䈱㊀䈰ว䉒䈞
II. ᦜ⥶ဳᲧᛶ᛫ᴺߦࠃࠆ౎ઍᶏߩᶏᐩ࿾⾰⺞ᩏ
਻Ꮊጊ࿾ߦᶩ㙃ߐࠇߚ࿾
ਅ᳓ߪ౎ઍᐔ㊁ࠍᵹࠇ㧘ߘ
ߩ৻ㇱߪ౎ઍᶏߩᶏᐩ߆ࠄ
ḝ಴ߒߡ޿ࠆ߇㧘ḝ಴⚻〝
߿ߘࠇߣ࿾⾰ಽᏓ࡮᭴ㅧߩ
㑐ଥߪਇ᣿ߢ޽ࠆޕ߹ߚ㧘
౎ઍᐔ㊁ߣጊ࿾ߣߩႺ⇇ߦ
ߪ਻Ꮊߩઍ⴫⊛ߥᵴᢿጀߢ
޽ࠆᣣᄹਭᢿጀ߇ሽ࿷ߒ㧘
ᶏၞ߹ߢㅪ⛯ߔࠆߎߣ߇ផ
ቯߐࠇߡ޿ࠆޕᢿጀ߇ᶏᐩ
Electric node
Electric cable with 
250 m lenghth
䊌䉸䉮䊮
⸘᷹ⵝ⟎
㔚Ḯⵝ⟎
┵ሶ▫
቟ቯൻ㔚Ḯ
ᶏᐩ㔚᳇តᩏ䉲䉴䊁䊛
ㅍฃᵄེ
᳓ਛ᷹૏䉲䉴䊁䊛
⏛ᣇ૏䊶௑ᢳⷺ⸘
䊃䊤䊮䉴䊘䊮䉻 GPS䉝䊮䊁䊅
Ṷ▚䊶⴫␜ㇱ
Vinyl tape
Vinyl tape
Protect tube
Rope
Electric wire
᷹ቯ↪㔚ᭂ䉬䊷䊑䊦
࿑ 10㩷 ᦜ⥶ဳᶏᐩ㔚᳇តᩏᴺ䈱ਥ䈭᷹ቯᯏེ
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ᄩ㔡ߩ㔡࿾ዊᓸߢၞᶏޕࠆ߈ߢᗐ੍ಽචߪߣߎࠆ޿ߡߒ߷෸ࠍ㗀ᓇ޿ᒝߦ᳓ḝ
ޕࠆ޽߽ᓽ․߁޿ߣ߱ਗߦ⁁✢߇
ߔីᛠࠍㅧ᭴ߣ㘃⒳ߩ⾰࿾ߩㇱᵻᐩᶏߩᶏઍ౎ࠆ޽ߦႺⅣߥ⇣․ߦ߁ࠃߩߎ
߹ m 05 ᐲᷓࠅࠃߦᴺᩏត᳇㔚ᐩᶏဳ⥶ᦜߡ޿⛯߈ᒁߦᐲᐕ 71 ᚑᐔ㧘ߦ߼ߚࠆ
ಽ᛫ᛶᲧߩਅ࿾㧘ߒᵹࠍᵹ㔚ߦ⊛Ꮏੱ㧘ߪࠇߎޕߚߒߦ߆ࠄ᣿ࠍᏓಽ᛫ᛶᲧߩߢ
㧘ߒ⟎㈩ߦ࡞ࡉ࡯ࠤ↪ቯ᷹ࠍᭂ㔚ޕࠆ޽ߢߟ 1 ߩᴺ᛫ᛶᲧᩏត᳇㔚ࠆ߼᳞ࠍᏓ
㧘ߪߦ⦁ᬺ૞ޕࠆߔቯ᷹ࠍᏅ૏㔚ߡߒᵹࠍᵹ㔚ࠄ߆ᭂ㔚ߩ࡞ࡉ࡯ࠤߩ਄㕙ᐩᶏ
ࠬࠪ SPG-D ߩ߼ߚࠆߔࡦ࡚ࠪ࡯ࠥࡆ࠽ߦ਄✢᷹ࠍ⦁ߣࡓ࠹ࠬࠪቯ᷹ߩᩏត᳇㔚
ߦ࡞ࡉ࡯ࠤ↪ቯ᷹㧘ེ᷹ᷓ㗀㖸ߩ߼ߚࠆߔ㊂᷹ߦ⏕ᱜࠍᷓ᳓ߣᒻ࿾ᐩᶏ㧘ࡓ࠹
ߒ஻ⵝࠍࡓ࠹ࠬࠪ૏᷹ਛ᳓ߩ߼ߚࠆߔ㊂᷹ࠍ⟎૏ߩ࠳ࡦࡐࠬࡦ࡜࠻ߚߌઃࠅข
㧘ߡ߼ᴉߦᐩᶏࠍ࡞ࡉ࡯ࠤߪቯ᷹ޕࠆ޽ߢ߁ࠃߩ 01 ࿑ߪ⟎ⵝ᷹⸘ߥਥޕࠆ޿ߡ
04㨪01 ⚂㧘ᓟߚߒቯ቟߇✢ᦛ᛫ᛶᲧߌដ⷗㧘޿ⴕࠍቯ᷹ߦ⊛⛯ㅪߢ㓒㑆⑽ 01 ⚂
✢᷹ߦ߁ࠃߔ␜ߦ 11 ࿑ޕ߻ㅴࠍ਄✢᷹ߡߒ㄰ࠅ➅ࠍ⦁஗ߣേ⒖ߩ⦁ߟߕ㓒㑆 m
ޕߚߞⴕߡߌ߆ߦᣣ 31㨪6 ᦬ 01 ᐕ 6002 ߪቯ᷹㧘ࠅ޽ߢmk 11 ߪ㐳ᑧ✚㧘ߌ⸳ᧄ 8 ߪ
ߒᣉታࠍᩏត᳇㔚ߢ✢᷹ 4 ߩ mk 41 㐳ᑧ✚ߚߒቯ⸳ߦᶏ᣿᦭ߪߦᐲᐕ 71 ᚑᐔ
ൻᄌߩ୯᛫ᛶᲧߩ᭽หߢ࿐▸ᐲᷓߩ m 3 ,2 ⚂ጀ⴫㧘ߢ✢᷹ߩߡߴߔ㧘ࠈߎߣߚ
ߒዋ߇୯᛫ᛶᲧߩㇱ਄ߩߘ㧘⾰࠻࡞ࠪߪಽㇱߔ␜ࠍ୯᛫ᛶᲧૐߩߎޕߚࠇ⃻߇
ಽ᛫ᛶᲧߩߢ✢᷹ฦߩᶏઍ౎ޕࠆࠇࠄ߃⠨ߣࠆ޽ߢẟᐓߩ⾰⍾ߪಽㇱࠆߥߊ㜞
㗀ᓇߩ᳓ᶏ㧘ࠍ࠲࡯࠺᛫ᛶᲧߌដ⷗ࠆࠇࠄᓧߢቯ᷹㧘ߪࠇߎޕߔ⴫ߦ 11 ࿑ࠍᏓ
ߢᨐ⚿ߩᨆ⸃ࡦ࡚ࠫ࡯ࡃࡦࠗ߁޿ߣ㧘ࠆߔ឵ᄌߦ୯᛫ᛶᲧߩ⌀ࠄ߇ߥߒ෰㒰ࠍ
ߣᶏ᣿᦭ߪะ௑߁޿ߣ޿ߐዊ߽ᦨ߇᛫ᛶᲧߩㇱ਄ᦨ㧘߽ߢ✢᷹ߩࠇߕ޿ޕࠆ޽
ᛶᲧߩㇱᵻਅᐩᶏ㧘ߪߢ 7 ✢᷹ࠆߔᏅ੤߇✢㐳ᑧߩጀᢿਭᄹᣣޕࠆ޿ߡߒㅢ౒
ߦ᳓ᶏࠆߔሽṁ߇⾰⸃㔚ޕࠆߔჇᕆ߇୯᛫ᛶᲧ㧘ࠅ߅ߡߒൻᄌߊ߈ᄢ߇Ꮣಽ᛫
ࠃߦ↪૞Ⓧၸ㧘߫ࠇߌฎ߇߈േߩጀᢿᵴ㧘ߚ߹ޕ޿㜞ߪ᛫ᛶᲧߩ᳓ਅ࿾ߡߴᲧ
⃻ߪ࿷ሽߩጀᢿߦᏓಽ᛫ᛶᲧ㧘޿߹ߒߡࠇࠊⷒߦ‛Ⓧၸߩⷙᣂߪ૏ᄌጀᢿߡߞ
಴ḝ᳓ਅ࿾㧘ࠅ߅ߡ޿േߒ㄰ࠅ➅㧘ߊ⧯ߪേᵴߩጀᢿਭᄹᣣ㧘ߡߞࠃޕ޿ߥࠇ
ޕࠆࠇࠄ߃⠨ߣࠆ޿ߡߞߥߦ〝ㅢ޿⦟ߩ
✢᷹ฦߣᏓಽᄩ㔡ࠆࠃߦ࡯࠲ࡦ࠮ⓥ⎇ጊἫ㔡࿾ቇᄢᎺ਻ߩㅀ೨ߦ 21 ࿑㧘ߦᰴ
߇⟎૏ߩᏱ⇣᛫ᛶᲧߩᚲ▎ 2 ࠆߌ߅ߦ 8 ߣ 3 ✢᷹ޕࠆߔセᲧࠍᏓಽ᛫ᛶᲧߩߢ
⢻นࠆ޿ߡߒ࿷ẜ߇ጀᢿᰴ೽ߩጀᢿਭᄹᣣߦ߁ࠃ߱⚿ࠍࠄࠇߎ㧘ߢߩࠆߔวᢛ
ࡦ࡯࠱޿㜞߇᛫ᛶᲧߦ⊛ᚲዪߪ 3㨪1 ✢᷹ߩญᴡᎹ⏴⃿㧘ߚ߹ޕࠆࠇࠄ߃⠨߽ᕈ
㧘ߦ߁ࠃߩߎޕ޿㜞߇ᕈ⢻นࠆߔ࿷ሽ߇〝⚻಴ḝߩ᳓ਅ࿾ߦၞጯᴪ㧘ߢߩ߻฽ࠍ
ಽ᛫ᛶᲧߩਅᐩᶏ㧘ߪߖࠊวߺ⚵ߩᨆ⸃ࡦ࡚ࠫ࡯ࡃࡦࠗߣᩏត᳇㔚ᐩᶏဳ⥶ᦜ
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Ꮣࠍࠗࡔ࡯ࠫࡦࠣߔࠆߩߦ᦭ലߢ޽ࠆߎߣ߇ታ⸽ߐࠇߚޕ
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(Ω⋅m) 
࿾ਅ᳓䈱ḝ಴㪖
Line 7
ᐓẟ
ᢿጀ䈮㑐ㅪ䈚䈢᣿⍎䈭࿾ᒻ
(ㅪ⛯䈚䈢䉮䊦)
ᢿጀ?
࿑ 11㩷 ฦ᷹✢䈮ኻ䈜䉎Ყᛶ᛫䈱䉟䊮䊋䊷䉳䊢䊮⸃ᨆ⚿ᨐ
0      0.5      1 km
1
2
3
4
5
6
7
8
Resistivity
(Ω⋅m) 
N
Yatsushiro 
Sea
Kumagawa R.
1 2 3 4
magnitude
Resistivity
log10 Ω·m
0.6
0.8
1.0
1.2
1.4
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
10
0
km
10 km
8 km
Submarine 
Fault?
10ᐕ㑆䈱㔡ᄩಽᏓ
㔡ᄩ㓸ਛၞ䈪䈱MTតᩏ䈮䉋䉎ᷓ
ᐲ10 km䉁䈪䈱Ყᛶ᛫ಽᏓ (Asaue
et al., 2006)
M
ai
n 
fa
ul
tSubordinate fracture 
zone?
࿑ 12㩷 Ყᛶ᛫ಽᏓ䈫㔡ᄩಽᏓ䈫䈱㑐ଥ
3. ᚑᨐ䈱㆐ᚑᐲ
 3 ߟߩࠨࡉ࠹࡯ࡑߣ߽ߦᐔᚑ 17 ᐕᐲߩ໧㗴ὐߦኻಣߒ㧘ᣂߚߥ⸃ᨆᚻᴺ߿᷹ቯ
ᣇᴺࠍ⷗಴ߒߚߣߣ߽ߦ㧘ᅷᒰߥ⸃ᨆ⚿ᨐ߿᷹ቯ࠺࡯࠲ࠍჇ߿ߔߎߣ߇ߢ߈ߚޕ
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ᶏᐩ㔚᳇តᩏߣ޿߁ᣂߚߥ⸘᷹ᣇᴺߦߟ޿ߡ߽౎ઍᶏߦㆡ↪ߢ߈㧘೨ᐕᐲએ਄
ߦ㊀ⷐߥ⍮⷗߇ᓧࠄࠇߚޕߎࠇࠄߩⷰὐ߆ࠄߪ㧘೨ㅀߩᐔᚑ 18 ᐕᐲߩ⋡⊛࡮⋡
ᮡߦ㑐ߒߡ߶߷㆐ᚑߢ߈ߚߣ⠨߃ࠆޕߒ߆ߒߥ߇ࠄ㧘ᶏ㕙᷷ᐲએᄖߩⅣႺ࿃ሶ
ߦᵈ⋡ߒߚⴡᤊ↹௝⸃ᨆߦ㑐ߒߡߪਇචಽߢ޽ࠅ㧘ᰴᐕᐲ߳ߩ⛮⛯⺖㗴ߣߥߞߚޕ
4.㩷 H19ᐕᐲ䈱⋡⊛䊶⋡ᮡ
4. 1. ⴡᤊ䊥䊝䊷䊃䉶䊮䉲䊮䉫
࡮ⴡᤊ↹௝⸃ᨆߦࠃߞߡ⴫ጀ‛⾰ߩᄌൻ߇࿾ਅ᳓૏ߦ෸߷ߔᓇ㗀㧘߅ࠃ߮࿾ਅ
᳓ᵹേࡄ࠲࡯ࡦߩᤨ㑆⊛ᄌൻࠍ᣿ࠄ߆ߦߔࠆޕ
࡮ᐓẟ⹜ᢱߩ෻኿ࠬࡍࠢ࠻࡞᷹ቯ߆ࠄᓧࠄࠇߚ⚿ᨐࠍ↪޿㧘LANDSAT ↹௝߿
Terra/ASTER ↹௝࠺࡯࠲ߩ⸃ᨆࠍㅴዷߐߖ㧘ᐓẟၸⓍ‛ߩ࿾⾰ⅣႺߩᤨ㑆⊛࡮
ⓨ㑆⊛ᄌൻࠍ᣿ࠄ߆ߦߔࠆޕ
࡮ᶏ᳓߿ᴡᎹ᳓ߦ߅ߌࠆઍ⴫⊛ߥⅣႺ࿃ሶߩᤨⓨ㑆ಽᏓࠍ㧘ⴡᤊ↹௝߆ࠄ♖ᐲ
⦟ߊ᛽಴ߢ߈ࠆᚻᴺࠍ⠨᩺ߔࠆޕ
4. 2. ᢙℂ䊝䊂䊦
࡮ᄙᄌ㊂࿾⃿⛔⸘ቇߦࠃߞߡ࿾ਅ᳓૏ߩᤨ㑆⊛ᄌൻࠍ⹦⚦ߦ᣿ࠄ߆ߦߔࠆߣߣ
߽ߦ㧘ࠗࡦࡃ࡯࡚ࠫࡦ⸃ᨆࠍ↪޿ߡㅘ᳓ଥᢙߩಽᏓࠍ᳞߼㧘⃻࿾⸘᷹߆ࠄߘ
ߩᅷᒰᕈࠍᬌ⸽ߔࠆޕ
࡮ㅘ᳓ᕈߦ㑐ㅪߔࠆ࿾⾰૕ߩ᭴ㅧߩⓨ㑆ࡕ࠺࡝ࡦࠣࠍㅴዷߐߖ㧘ߎࠇߦ㋶‛ಽ
Ꮣ߿ᄌ⾰Ꮺࠍ㊀ߨวࠊߖࠆߎߣߢ‛⾰⒖ⴕߩࡄ࠲࡯ࡦ߿ᤨ㑆⊛ᄌൻࠍ⠨ᘦߢ
߈ࠆࠃ߁ߦߔࠆޕ
4. 3. ࿾⏛᳇䋭࿾㔚ᵹ⸘᷹
࡮MT ᴺߦࠃࠅᾢᧄᐔ㊁๟ㄝߩ࿾ਅ᭴ㅧផቯࠍㅴ߼㧘ᶩ 㙃ၞ߆ࠄᵹ಴ၞ߹ߢߩ࿾
ਅ᳓♽ߦ߅޿ߡ㧘․ߦᢿጀߩሽ࿷ߩᓇ㗀ࠍ᣿ࠄ߆ߦߔࠆޕߐࠄߦ㧘ᶏᐩ㔚᳇
តᩏߩ᷹✢ࠍㅊടߒ㧘ᶏᐩߦḝ᳓ߔࠆ࿾ਅ᳓ߩ⚻〝ࠍᲧᛶ᛫ಽᏓ߆ࠄ⹦⚦ߦ
ផቯߔࠆߣߣ߽ߦ㧘Ყᛶ᛫ಽᏓߩ♖ᐲࠍะ਄ߐߖࠆߚ߼ߦ᷹ቯ࠺࡯࠲ߩࠗࡦ
ࡃ࡯࡚ࠫࡦ⸃ᨆᴺࠍᡷ⦟ߔࠆޕ
5.㩷 H18ᐕᐲ䈱⎇ⓥ⾌ขᓧ⁁ᴫ
࡮⑼ቇ⎇ⓥ⾌ ၮ⋚⎇ⓥ B㧔ઍ⴫㧕㧦6,400 ජ౞
࡮ᣣᧄේሶജ⎇ⓥ㐿⊒ᯏ᭴ వⴕၮ␆Ꮏቇ⎇ⓥ㧔ઍ⴫㧕㧦3,000 ජ౞
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࡮䋨⽷䋩ᣣᧄ㋶ᬺᝄ⥝ળ⹜㛎⎇ⓥ㧔ઍ⴫㧕㧦700 ජ౞
࡮ᾢᧄᄢቇᎿቇㇱ⑼ቇ⎇ⓥഥᚑ ࿾ၞㅪ៤㧔ઍ⴫㧕㧦1,000 ජ౞
࡮ነ㒝㊄㧦᳃㑆ડᬺ࡮䋨␠䋩⾗Ḯ࡮⚛᧚ቇળࠃࠅ㧘⸘ 3,650 ජ౞
࡮౒ห⎇ⓥ⾌㧦࿖┙ᭂ࿾⎇࡮੩ㇺᄢቇ㒐ἴ⎇㧔ಽᜂ㧕㧘⸘ 250 ජ౞
6. H18ᐕᐲ䈱⎇ⓥ⊒⴫䇮․⸵⁁ᴫ
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Scheme 1 Preparation route for a bifunctional chelating fiber 
FNPS containing aminomethylphosphonate and sulfonate 
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Table 1 Results of chemical analysis of the fiber FNPS 
Nitrogen
content
Phosphorus
content
Sulfur
content
Acid
capacity
㧔mmol/g㧕 㧔mmol/g㧕 㧔mmol/g㧕 㧔mmol/g㧕
1.5㧔0.1㧕a㧕 2.8㧔0.1㧕a㧕 1.0㧔0.1㧕a㧕 6.0㧔0.3㧕a㧕
a㧕 Figures in parentheses are standard deviations. 
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Figure 1 Column-mode uptake of Zn㧔II㧕 from feeds containing 0.010 M of zinc nitrate.
pH of feeds: A 2.0 and B 5.4. Column: 2 mL of wet FNPS in hydrogen ion form. Flow 
rates of feeds in space velocity 㧔SV㧕 are shown in each inset. 
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Table 2 Effect of concentration of Zn䋨II㧕 in feeds on 5 % 
breakthrough capacity  
Concentration of 
Zn䋨II㧕 in feed
5 % Breakthrough
point
5 % Breakthrough
capacity
㧔mg/L㧕 㧔mL/L-F㧕 㧔mmol/g㧕
6.5 2360 1.3 
6.5 2360 1.3 
65 188 1.0 
65 189 1.0 
650 16.9 0.93 
650 15.9 0.88 
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Table 3 Effect of calcium and magnesium ions on uptake of zinc ion 
Composition of 
feeda㧕
5 % Breakthrough 
point of Zn䋨II㧕
5 % Breakthrough 
capacity for Zn䋨II㧕
2 mg/L 
Breakthrough point
㧔mg/L㧕 㧔mL/mL-F㧕 㧔mmol/g㧕 㧔mL/mL-F㧕
Zn䋨II㧕 6.5, Ca 
10.5
945 0.62 ca 2000 
 1030 0.71 ca. 2000 
Zn䋨II㧕 6.5, Mg 
2.9
1480 0.82 More than 2000 
 1500 0.84 More than 2000 
a㧕Flow rate of feeds was 1000 h-1 in space velocity. 
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Zn Pb Fe Al Co Mn Ni
dust A 12.53 0.384 32.4 0.51 0.025 2.04 0.17
dust B 13.48 0.686 37 0.41 0.019 3.12 0.12
dust C 9.2 0.636 39.4 0.41 0.017 2.8 0.21
Mg Si Ca Cr S Cl F
dust A 1.28 1.61 6.59 0.6 0.44 0.82 4.12
dust B 1.12 1.28 6.21 0.55 0.42 0.53 3.74
dust C 1.16 1.2 7.02 0.76 0.43 0.51 3.71
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